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Ventilation upgrades for
Hanford's double-shell tanks
The Department of Ecology invites public comment on a draft
permit for air emissions from some of the underground
double-shell waste tanks at Hanford.

Background
The U.S. Department of Energy Office of River Protection
(ORP) wants to upgrade the ventilation system at the 241-AP,
241-SY, and 241-AY/AZ double-shell tank farms. The tanks
hold huge volumes -16 million gallons - of radioactive and
chemically toxic waste left over from making plutonium. The
waste will be converted to a safer glass form in the waste
treatment plant ORP is now building.

Workers must mix waste in the tanks thoroughly before
sending it to the waste treatment plant. The upgrades would
install mixing equipment and new ventilation systems in
three phases (AP, SY, and AY/AZ).

The proposed upgrades would increase emissions of
dimethyl mercury. Under Washington Administrative
Code 173-460-090, this requires ORP to submit a health impact
analysis as part of a more detailed evaluation.

What's next?
Ecology reviewed the health impact analysis. The results
show the emissions won't harm human health or the
environment. Please let us know if you think our decision to
allow the upgrades will protect the environment, or what
changes are needed to meet this goal. The following
documents are available for public review:
- The draft permit.
- Recommendation for approval of the health impact

analysis.
- The application letter.
- The assessment of best available controls technology.
- The application supplement.

Publication Number: 11-05-007

WHY IT MATTERS
The upgrades will protect
workers and the environment
from the fumes from some of
Hanford's underground double-
shell waste tanks.

Public Comment Period
August 1 - September 2, 2011

Submit comments to:
Oliver Wang
3100 Port of Benton Blvd.
Richland, WA 99354
Fax: 509-372-7971
owan461@ecy.wa.gov

Document review locations
* Department of Ecology Nuclear

Waste Program
3100 Port of Benton Blvd
Richland, WA 99354
(Call 509-372-7920 for
appointment)

* Ecology's Nuclear Waste
Program web site
www.ecy.wa.qov/programs/
nwp/commentperiods.htm

* Hanford's Information
Repositories (see page 2)

Special accommodations
If you need this publication in an
alternative format, please call
509-372-7950. Persons with
hearing loss, call 711 for
Washington Relay Service.
Persons with speech disability,
call 877-833-6341.
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DEPARTMENT OF

ECOLOGY
State of Washington

3100 Port of Benton Blvd
Richland, WA 99354

Public Comment Period *Aug. 1-Sept. 2, 2011
Ventilation upgrades for Hanford's double-shell tanks

How do I submit comments?
You can email, mail, or hand-deliver your comments to Oliver Wang (see sidebar on page 1).
We prefer email. The deadline is September 2, 2011.

Will there be a public hearing?
We don't plan to hold a hearing, but we'll reconsider if there is strong public interest.

Hanford Public Information Repositories

Portland
Portland State University
Branford Price Millar Library
1875 SW Park Ave.
Attn: Claudia Weston 503-725-4542
Map: http://www.pdx.edu/map.html

Richland
U.S. Dept of Energy Reading Room
Consolidated Information Center
2770 University Dr.
Attn: Janice Parthree 509-372-7443
Map: http://tinVurl.com/2axam2

Spokane
Gonzaga University
Foley Center
502 E. Boone Ave.
Attn: Linda Pierce 509-313-3834
Map: http://tinvurl.com/2c6bpm

Seattle
University of Washington
Suzzallo Library
Government Publications Division
Attn: Cass Hartlett 206-543-4363
Map: http://tinvurl.com/m8ebi

20 st
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Double-shell tank farm locations at Hanford.
(View is to the south.) The 241-AP and
241-A Y/AZ tank farms are in 200 East Area.
The 241-SY tank farm is in 200 West Area.

I ______________________________________________________________________________
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July 8. 2011 11-NWP-070

Mr. Scott L. Samuelson, Manager
Office of River Protection
United States Department of Energy
P.O. Box 450, MSIN: H6-60
Richland, Washington 99352

Re: Draft Notice of Construction Approval Order DEl 1NWP-001 (Phased Installation)

Dear Mr. Samuelson:

Please find draft Order No. DE IINWP-001 enclosed with this letter. This draft order is for
phased replacement of primary tank ventilation exhaust systems involving 241 -AP, 241 -SY, and
241 -AY/AZ tank farms. This draft order is based upon emissions increases which include
criteria air pollutants above exemption thresholds, TAPs above de minimis thresholds, and upon
the emission consequence of dimethyl mercury above its acceptable source impact level (ASIL)
in WAC 173-460-150.

To further assess the environmental and public health impact of dimethyl mercury, this draft
order is being transmitted to Washington Department of Ecology (Ecology) headquarters for
processing of Toxic Air Pollutant (TAP) permitting provisions of Washington Administrative
Code (WAC) 173-460-090. Following the TAP Second Tier review, the proposed permit action
will be subject to public comment in accord with WAC 173-400-171(3)(b). The final order will
be issued after the conclusion of the public comment period.

This letter replaces Reference I in order to facilitate the multi-phased construction plan. The
proposed tank farm ventilation systems will be constructed, installed, tested, and fully
operational in three phases beginning with 241 -AP, to be followed by 241 -SY and 241 -AY/AZ,
respectively. Specific permit conditions are added for the phased construction.

Provisions under section 140 of WAC 173-455, Air Quality Fee Regulation, assess a fee for the
processing of your NOC approval request. Please be advised that you should anticipate receipt
of a fee invoice in the amount of $18,000.00 under this standard. Second tier TAPs fees under
this regulation are distinct from NOC application fees and have already been invoiced to you.
All new NOCs will be in effect only after the permitting fees are fully paid.

'I.,



Mr. Scott L. Samuelson
July 8, 2011
Page 2

If you have any questions, please contact Oliver Wang at 509-372-7932.

Sincerely,

Ron Skinnarland, Manager
Waste Management Section
Nuclear Waste Program

ow:js

Enclosure (1)

References:
1. Ecology Letter 11 -NWP-042 to U.S. Department of Energy, Determination of

Complete Application, Tank Ventilation Upgrades, May 18, 2011

cc: Dennis Bowser, USDOE
Robert H. Anderson, MSA
Felix Miera, WRPS
Stuart Harris, CTUIR
Gabriel Bohnee, NPT
Russell Jim, YN
Susan Leckband, HAB
Ken Niles, ODOE
John Martell, WDOH
Environmental Portal



NON-RADIOACTIVE AIR EMISSIONS
NOTICE OF CONSTRUCTION APPROVAL ORDER

CONDITIONS AND RESTRICTIONS
DE11NWP-001

REGULATORY AUTHORITY:

Pursuant to the Washington State Department of Ecology (Ecology) General Regulations for Air
Pollution Sources, Chapter 173-400 Washington Administrative Code (WAC), and Controls for New
Sources of Toxic Air Pollutants, Chapter 173-460 WAC, Ecology now finds the following:

FINDINGS:

1. The United States Department of Energy proposes to modify their existing facility (Hanford)
located in Richland, Washington.

2. A Notice of Construction (NOC) application was submitted on February 11, 2011 and
supplemented on April 27, 2011. The application was found to be complete on May 2, 2011.

3. Extant operations of 241 -AY and 241-AZ Tank Farms ventilation associated with the NOC
application have been permitted under NOC Order 94-07, Revision 3, dated May 7, 2008.

4. Hanford is an existing major stationary source that emits more than 250 tons of a regulated
pollutant per year.

5. The proposed project consists of replacement of primary tank ventilation exhaust systems
(ventilation systems) for each of the 241 -AP, 241 -SY, and 241 -AY/AZ tank farms and includes
installation of two mixer pumps per tank farm during Waste Feed Delivery operations. The tank
farm ventilation systems will be constructed, installed, tested, and fully operational in three
phases, beginning with 241 -AP, to be followed by 241 -SY and 241 -AY/AZ, respectively.

6. Emissions of criteria pollutants from the proposed project are below the Prevention of
Significant Deterioration Significant Emission Rates.

7. Hanford is located in a Class II Area designated as "attainment" for the purpose of NOC
permitting for all pollutants.

8. Criteria air pollutant emission increases from the proposed project are below the de minim us
levels in WAC 173-400-110(5)(d) with the exception of nitrogen oxides (NO,) and volatile
organic compounds (VOCs) and identified Toxic Air Pollutants (TAPs).

9. The proposed project anticipates emission of dimethyl mercury (Chemical Abstract Services
[CAS] # 593-74-8), resulting in an ambient consequence above its Acceptable Source Impact
Levels (ASIL) of WAC 173-460-150. Emissions of a TAP with ambient consequences above its
ASIL require approval of a Second Tier Petition [WAC 173-460-090].

10. As proposed, the project would emit 32 TAPs exceeding small quantity emission rates (SQERs)
of WAC 173-460-150.

DRAFT Notice Of Construction Approval Order #DEI INWP-00 l
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11. Best Available Control Technology (BACT) and Toxics Best Available Control Technology
(tBACT) for this project have been determined to be the operation of each primary tank
ventilation exhauster system not exceeding ventilation rates for Waste Feed Delivery in Table 1
with a moisture de-entrainer, heater, pre-filters, and a two-stage High Efficiency Particulate Air
(HEPA) filtration system in service in each treatment train.

12. The proposed project, if constructed and operated as herein required, will provide BACT and
tBACT.

13. The proposed project, if operated as herein required, will be in accordance with applicable rules
and regulations, as set forth in Chapter 173-400 WAC and Chapter 173-460 WAC, and the
operation thereof will not result in ambient air quality standards being exceeded.

14. The project will have no significant impact on air quality.

THEREFORE, IT IS ORDERED that the project as described in said Notice of Construction
application, and as detailed in emissions estimates and impact and control technology assessments
submitted to the Washington State Department of Ecology in reference thereto, is approved for
construction, installation, and operation, provided compliance with the conditions and restrictions
described below. This Order shall be identified as NOC Order DE11NWP-001. This Order does not
apply to the existing ventilation systems and will become effective as signed in Section 4. Upon the
effective date of this Order covering the fully operational status of the 241-AY/AZ ventilation system,
NOC Order 94-07, Revision 3, is voided.

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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1.0 GENERAL APPROVAL CONDITIONS

1.1 Effective Date

The effective date of this authorization shall be that as signed in Section 4.0. All references to

procedures or test methods shall be to those in effect as of the effective date of this ORDER.

1.2 Emission Limits
1.2.1 Visible emissions from each stack shall not exceed twenty (20) percent opacity.
1.2.2 Volatile organic compound (VOC) emissions shall not exceed 10.1 tons per year

from the 241-AP, 241-SY and 241-AY/AZ ventilation systems. As the
ventilation systems become fully operational the volatile organic emissions from
the 241-SY, 24-AP, and 241-AY/AZ ventilation system shall not exceed 3.1, 3.8,
and 3.2 tons per year, respectively. Two mixing pumps per tank farm shall
effectively limit VOC emissions.

1.2.3 All TAPs, as submitted in the Permittee's Notice of Construction Application
(Table 2), shall be below their respective ASIL or approved through a Second
Tier review.

1.2.4 Ammonia emissions from the project shall not exceed 190.8 pounds per day from
the 241 -AP, 241 -SY and 241 -AY/AZ ventilation systems. As the ventilation

systems become fully operational, the ammonia emissions from the 241-SY, 241-
AP, and 241-AY/AZ ventilation system shall not exceed 58.1, 71.9, and 60.8
pounds per day, respectively. Two mixing pumps per tank farm shall effectively
limit ammonia emissions.

1.3 Operational Limits
1.3.1 Normal Double-Shell Tank (DST) primary tank ventilation system flow rates

during Storage, Retrieval and Sampling Operations are shown in Table 1. The
maximum flow rates for the DST ventilation systems shall not exceed ventilation
rates for Waste Feed Delivery Operations (Table 1).

Table 1: Project Farm Ventilation Rates

Tank Farm(s) Storage, Retrieval and Waste Feed Delivery
Sampling Operations Operations

241-SY 1,360 scfm 2,500 scfm
241 -AP 1,500 scfm 3,000 scfm
241-AY/AZ 1,500 scfm 3,000 scfm
scfm = standard cubic foot per minute, 1 atmosphere pressure at 20*C

1.3.2 At no time shall more than two of the three tanks in the 241-SY tank farm

(241SY-101 through 241-SY-103) be under active mixing and Waste Feed
Delivery operations. Waste Feed Delivery operations are defined as those which

mix and transfer wastes to the Waste Treatment and Immobilization Plant.

1.3.3 At no time shall more than two of the eight tanks in the 241-AP Tank Farm
(241-AP-101 through 241-AP-108) be under active mixing and Waste Feed
Delivery operations.

1.3.4 At no time shall more than two of the four tanks within the 241-AY and 241-AZ
Tank Farms [241-AY-101, 241-AY-102, 241-AZ-101, and 241-AZ-102] be under

active mixing and Waste Feed Delivery operations.
DRAFT Notice Of Construction Approval Order #DE I INWP-00I
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1.3.5 The ventilation systems shall be operated in compliance with tBACT controls.

1:4 Compliance Demonstration
1.4.1 Compliance with Approval Condition 1.2.1 shall be met by Tier 3 Visible

Emissions Survey requirements of the Hanford Air Operating Permit.
1.4.2 Should visible emissions be observed which are not solely attributable to water

condensation, compliance with Approval Condition 1.2.1 shall be met by
performing an opacity determination utilizing 40 Code of Federal Regulations
(CFR) Part 60, Appendix A, Method 9, providing that such determination shall
not place the visible emission observer in hazard greater than that identified for
the general worker.

1.4.3 Compliance with Approval Condition 1.2.2 shall be demonstrated by VOC stack
sampling as described in Section 3.0, and applying these concentration readings
with contemporaneous stack flow rate and temperatures to determine mass release
rate of VOCs in pounds per year.

1.4.4 Compliance with Approval Condition 1.2.3 shall be demonstrated by stack
sampling as described in Section 3.0 for TAPs, and applying these concentration
readings with contemporaneous stack flow rate and temperatures to determine the
mass release rate of these TAPs in pounds and their respective release rate
averaging times in WAC 173-460-150.

1.4.5 Compliance with Approval Condition 1.2.4 shall be demonstrated by stack
sampling as described in Section 3.0 for ammonia, and applying these
concentration readings with contemporaneous stack flow rate and temperatures to
determine instantaneous and daily release rate of ammonia.

1.4.6 Compliance with Approval Condition 1.3.1 shall be demonstrated by stack gas
flow and temperature measurement.

1.4.7 Compliance with Approval Conditions 1.3.2, 1.3.3 and 1.3.4 shall each be
demonstrated through operational record keeping provisions of Section 2.4.

1.4.8 Compliance with Approval Condition 1.3.5 shall be met by operating the
exhauster systems only when in accord with tBACT emission controls found for
this project.

1.5 Manuals

Existing Operations and Maintenance (O&M) manuals for all equipment, procedures, and controls
associated with the proposed activities that have the potential to affect emissions to the atmosphere shall
be followed. Manufacturer's instructions may be referenced. The O&M manuals shall be updated to
reflect any modifications of the process or operating procedures. Copies of the O&M manuals shall be
available to Ecology upon request.

DRAFT Notice Of Construction Approval Order #DEII NWP-001
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2.0 NOTIFICATIONS AND SUBMITTALS

2.1 Addressing

Any required notifications and submittals required under these Approval Conditions shall be sent to:

Washington State Department of Ecology
Nuclear Waste Program
3100 Port of Benton Boulevard
Richland, Washington 99354

2.2 Schedule

A schedule of installation and operation activities for these ventilation systems shall be submitted within
thirty (30) days of issuance of this order. Ecology shall be notified 30 days prior to the starting of
construction of each tank farm ventilation system.

2.3 Operational Notice

Notification will be made at least ten (10) days prior to initial testing. The initial testing period may
include periodic alternate operation of either the old exhauster or the new exhausters covered by this
order. Notification will be made at least ten (10) days prior to the new ventilation systems becoming
fully operational.

2.4 Recordkeeping

Specific records shall be kept on the Hanford Site by the Permittee and made available for inspection by
Ecology upon request. The records shall be organized in a readily accessible manner and cover a
minimum of the most recent sixty (60) month period. The records to be kept shall include the following:

1. Records of calibration of stack gas flow rate and temperature measurement devices.
2. Exhauster system stack flow rates and temperatures records.
3. Emission monitoring results required in Section 3.0.
4. Supporting data and calculations to demonstrate compliance as detailed in Approval Conditions

1.4.3, 1.4.4, and 1.4.5.
5. All monitoring and operations records required to operate and maintain the emission control

equipment which implements tBACT as described in Section 1.0.
6. Laboratory analysis result summaries of any samples undertaken after the effective date of this

ORDER from 241 -AP, 241 -SY or 241 -AY/AZ tank farm tank headspaces or primary tank
ventilation system exhaust which are examined for organic species or other TAPS.

7. Waste Feed Delivery operations, in terms of active mixing, pumping, and waste transfers will be
recorded into operational records sufficient to determine the onset and cessation of such
operations for each tank subject to this Order.

2.5 Reporting

Results of emission assessments conducted pursuant to Section 3.1 shall be submitted to Ecology within
ninety (90) days of completion of such assessment.

DRAFT Notice Of Construction Approval Order #DE1 INWP-00 l
Page 5 of 21



Identification of any TAP not previously identified within the Notice of Construction Application
emissions estimate shall be submitted to Ecology within ninety (90) days of completion of laboratory
analyses which verify emissions of that toxic air pollutant from the project.

Visible emission surveys, conducted pursuant to Compliance Demonstration requirement 1.4.2, shall be
submitted to Ecology within thirty (30) days of completion of the survey with an assessment of the
cause of visible emissions and a report of the maintenance conducted to maintain the subject exhaust
system's tBACT operations.

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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3.0 EMISSION MONITORING

The following sampling and monitoring are required in order to verify emissions estimates and
compliance with Section 1.3, above. The term 'each ventilation system,' herein, shall mean each
individual primary tank ventilation exhauster systems within the 241-AP Tank Farm, 241-SY Tank
Farm, and 241 -AY/AZ Tank Farms, where a ventilation system may be operated.

3.1 Baseline Assessment
All baseline assessments shall be conducted within ninety (90) days of commencement of operations of
each ventilation system.

3.1.1 Ammonia Baseline

Ammonia stack concentrations shall be sampled a minimum of three times. Ammonia sampling and
analysis will be in accord with approved alternative sampling procedures including the use of Draeger
tubes to measure stack gas concentration of ammonia providing such devices are spanned to
appropriately measure the stack gas ammonia concentration. Stack flow rate and temperature will be
applied with the ammonia stack gas concentration to report ammonia emission in terms of pounds per
day.

3.1.2 Dimethyl Mercury Baseline

Dimethyl mercury sampling and analysis will be in accord with the United States Environmental
Protection Agency (EPA) approved procedures for each exhauster system.

3.2 VOC Emission Assessment

VOC emissions shall be assessed annually in accord with EPA approved procedures for each ventilation
system.

3.3 TAPs Emission Assessment

TAPs emission shall be assessed annually in accord with a sampling and analysis plan (SAP) for each
ventilation system. Each SAP shall address the emission of a minimum of the three TAPs with the
highest potential ambient concentration relative to their ASILs of WAC 173-460-150 in addition to

dimethyl mercury. The TAPs addressed in the SAP shall be identified from Table 2 and based upon best
engineering judgment and most current tank content data. Analytical methods for the analyses shall be
the EPA, Occupational Safety and Health Administration (OSHA), or National Institute for
Occupational Safety and Health (NIOSH) approved, or by approved equivalent method.

3.4 Ammonia Emission Assessment

In order to maintain reasonable assurance of continued compliance with emission limitations from these
exhauster systems, quarterly assessment of ammonia stack emissions will be conducted according to
Section 3.1.1. A minimum of three samples shall be used to assess these emissions.

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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4.0 APPROVAL ORDER AND RESTRICTIONS

Operation of the subject primary tank ventilation systems is intended for the storage, treatment,
sampling, and Waste Feed Delivery of waste contained in the tanks as described in the NOC application.
For the purposes of this Authorization, "Waste Feed Delivery" includes mixing and pumping as
necessary and sufficient for transfer of wastes to or from the subject tank. Waste Feed Delivery
operations may encompass waste sampling activity but such sampling shall not, in and of itself, be
deemed the basis for identifying operations as Waste Feed Delivery operations.

Approved TAP emissions, for purposes of evaluation of potential future emission increases, shall be as
identified within the NOC application and detailed in Table 2 for the 241-AP, 241-SY, and 241-AY/AZ
ventilation systems. Approved TAP emissions during the phase-in period are detailed in Table 3 for the
241 -SY ventilation system, Table 4 for the 241 -AP ventilation system, and Table 5 for the 241 -AY/AZ
ventilation system.

This Authorization may be modified, suspended, or revoked in whole, or in part, for cause including, but
not limited to, the following:

1. Violation of any terms or conditions of this authorization;
2. Obtaining this authorization by misrepresentation, or failure to fully disclose all relevant facts.

The provisions of this authorization are severable and, if any provision of this authorization, or
application of any provisions of this authorization to pny circumstance, is held invalid, the application of
such provision to their circumstances, and the remainder of this authorization, shall not be affected
thereby.

The New Source Review Fee has been assessed according to WAC 173-455. No approval of a permit or
service for any activity covered in this Order will be valid until the required fee is paid in full.

Any person aggrieved by this ORDER may obtain review thereof by application, within thirty (30) days
of receipt of this order, to:

Pollution Control Hearings Board
P.O. Box 40903
Olympia, Washington 98504-0903

Concurrently, copies of the application must be sent to:

Washington State Department of Ecology Washington State Department of Ecology
P.O. Box 47600 3100 Port of Benton Boulevard
Olympia, Washington 98504-7600 Richland, Washington 99354

DRAFT Notice Of Construction Approval Order #DE 1NWP-001
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These procedures are consistent with the provisions of Chapter 43.21 B RCW, and the rules and
regulations adopted thereunder.

DATED at Richland, Washington, this XX day of July 2011.

REVIEWED AND PREPARED BY:

Oliver Wang, P.E.

APPROVED BY:

Jane A. Hedges

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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Table 2: Toxic Air Pollutants from the 241-SY, 241-AP, and 241-AY/AZ Ventilation
Systems (DEl1NWP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions ASIL Dispersed
Period (g/s) (lbs/avg (lbs/avg. Above (pg/m3) Coic.

period) period) SQER? (pg/m3)

Ethylbenzene 100-41-4 Year 1.41E-03 98.1 76.8 Yes 0.4 7.90E-05

Styrene 100-42-5 24-hr 4.62E-04 0.088 11 No 90( 8.79E-04

Benzyl Chloride 100-44-7 Year 1.34E-05 0.932 3.91 No 0.0204 7.5 1E-07

Nitrogen dioxide 10102-44-0 1-hr 5.5 I E-02 0.438 1.03 No 47( 9.37E-0l

n-Nitroso-n-methylethylamine 10595-95-6 Year 1.94E-06 0.135 0.0305 Yes 0.00015S 1.09E-07

p-Xylene 106-42-3 24-hr 1.63E-03 0.31q 29 No 221 3.09E-03

1,4-Dichlorobenzene 106-46-7 Year 6.21E-05 4.32 17.4 No 0.0909 3.48E-06

1,2-Epoxybutane 106-88-7 24-hr 4.04E-05 0.00769 2.63 No 2C 7.67E-05

1,2-Dibromoethane 106-934 Year 7.97E-05 5.54 2.71 Yes 0.0141 4.46E-06

1,3-Butadiene 106-99-0 Year 1.99E-04 13. 1.13 Yes 0.0058 1.12E-05

Acrolein 107-02-8 24-hr 2.98E-06 0.00056E 0.00789 No 0.0( 5.66E-06

Allyl Chloride 107-05-1 Year 1.02E-05 0.70S 32 No 0.16' 5.71E-07

1,2-Dichloroethane 107-06-2 Year 1.63E-03 113.2( 7.39 Yes 0.038f 9.12E-05

Acrylonitrile 107-13-IM Year 1.23E-05 0.85( 0.662 Yes 0.0034 6.90E-0

Vinyl acetate 108-05-4 24-hr 4.48E-07 8.53E-Of 26.3 No 20( 8.511E-07

Methyl Isobutyl Ketone 108-10-1 24-hr 2.77E-03 0.521 394 No 300C 5.26E-03

m-Xylene 108-38-3M 24-hr 9.42E-04 0.17S 29 No 221 1.79E-03

3-Methylphenol 108-39-4 24-hr 4.74E-06 0.0009C 78.9 No 60( 9.01E-06

Toluene 108-88-3 24-hr 4.09E-02 7.7 657 No 500C 7.76E-0

Chlorobenzene 108-90-7 24-hr 4.99E-04 0.09 131 No 100C 9.49E-04

Phenol 108-95-2 24-hr 8.14E-03 1.5. 26.3 No 20( 1.55E-02

n-Hexane 110-54-3 24-hr 5.16E-03 0.98 92 No 70( 9.81E-03

Cyclohexane 110-82-7 24-hr 1.58E-03 0.301 789 No 6001 3.01E-03
Ethylene glycol monoethyl
ether 111-76-2 24-hr L.52E-04 0.029 171( No 1300C 2.88E-04

Propylene 115-07-1 24 -hr 3.93E-03 0.74 394 No 300C 7.46E-03

Di(2-ethylhexyl)phthalate 117-81-7 Year 7.46E-07 0.051_ E No 0.041 4.18E-0E

1,4-Dioxane 123-91-1 Year 7.02E-04 48.8 24.S Yes 0.13 3.93E-05

Perchiloroethylene 127-184 Year 1.62E-03 112.4 32.4 Yes 0.16 9.06E-05

Vanadium Pentoxide 1314-62-1 1-hr 1.17E-04 0.00093 0.0657 No 3 1.99E-0
Polychlorinated Biphenyls
(PCBs) 1336-36-3 Year 2.04E-05 1.415 0.336 Yes 0.00175 1.14E-06

Trans-1,2-dichloroethene 156-60-5 24-hr 1.19E-07 2.27E-05 10( No 80 2.27E-07

Butylated hydroxyanisole 25013-16-5 Year 1.42E-06 0.0989 336C No 17.5 7.97E-08

Formaldehyde 50-00-0 Year 2.35E-05 1.64 32 No 0.167 1.32E-06
n-Nitrosodiethylamine 55-18-5 Year 1.94E-06 0.13 0.0192 Yes 0.0001 1.09E-07

Carbon Tetrachloride 56-23-5 Year 1.64E-03 114. 4.57 Yes 0.0238 9.18E-05

1,1-Dimethylhydrazine 57-14-7 24-hr 1.74E-06 0.00033 0.0657 No 0.5 3.31E-0(

Propylene Glycol 57-55-6 24-hr 2.25E-04 0.0429 3.75 No 28.f 4.28E-

n-Nitrosomorpholine 59-89-2 Year 8.96E-06 0.623 0.101 Yes 0.00052( 5.01E-07

Dimethyl Mercury 593-74-8 24-hr 4.12E-08 7.85E-06 1.00E-9 Yes 1.00E-9S 7.83E-08

Acetamide 60-35-5 Year 6.05E-06 0.421 9.5 No 0.0. 3.39E-07

n-Nitrosodimethylamine 62-75-9 Year 2.65E-03 184 0.041( Yes 0.000211 1.48E-

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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Table 2: Toxic Air Pollutants from the 241-SY, 241-AP, and 241-AY/AZ Ventilation
Systems DEl1NWP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions ASIL Dispersed
Period (g/s) (lbs/avg (lbs/avg. Above (pg/m3) Cone.

period) period) SQER? (pg/m 3)

n-Nitrosodi-n-propylamine 621-64-7 Year 1.94E-06 0.135 0.0959 Yes 0.000f 1.09E-0

Methyl Isocyanate 624-83-9 24-hr 1.77E-06 0.000331 0.131 No I 3.36E-06

Carbon monoxide 630-08-0 I-hr 3.73E-02 0.294 50.4 No 2300( 6.34E-01

Methyl Alcohol 67-56-1 24-hr 7.11 E-02 13.5 526 No 400( 1.35E-01

Isopropyl Alcohol 67-63-0 I-hr 3.37E-03 0.026 7.01 No 320( 5.74E-02

Chloroform 67-66-3 Year 1.64E-03 114.C 8.35 Yes 0.043. 9.18E-01

Hexachloroethane 67-72-1 Year 1.68E-03 117.C 17.4 Yes 0.090C 9.42E-05

Benzene 7143-2 Year 1.63E-03 113.2 6.62 Yes 0.034f 9.12E-05

1,1,l-Trichloroethane 71-55-6 24-hr 6.74E-05 0.0128 131 No 100( 1.28E-04

Methyl Bromide 74-83-9 24-hr 6.42E-05 0.0122 0.657 No f 1.22E-04

Methyl Chloride 74-87-3 24-hr 2.24E-04 0.0426 11. No 9( 4.25E-04

IIydrogen Cyanide 74-90-8 24-hr 5.69E-06 0.0010q 1.1 No 1.08E-05

Lead and compounds (NOS) 7439-92-1 Year 6.55E-05 4.54 1 No 0.0832 3.67E-06

Manganese & Compounds 7439-96-5 24-hr 6.55E-05 0.012. 0.00526 Yes 0.04 1.25E-04

Mercury, Elemental 7439-97-6 24-hr 1.99E-05 0.00378 0.0118 No 0.09 3.77E-05
Arsenic & Inorganic Arsenic
Compounds 7440-38-2 Year 6.55E-05 4.56 0.0581 Yes 0.000303 3.67E-06
Beryllium & Compounds
(NOS) 7440-41-7 Year 3.28E-06 0.22 0.0 Yes 0.000417 1.84E-07

Cadmium & Compounds 744043-9 Year 3.28E-05 2.28 0.045 Yes 0.00023 1.84E-06
Chromium Hexavalent:
Soluble, except Chromic
Trioxide 744047-3 Year 1.OOE-04 6.91 0.00128 Yes 6.67E-0 5.63E-0(

Cobalt 7440-48-4 24-hr 6.55E-05 0.0125 0.013 No 0.1 1.25E-04

Copper& Compounds 7440-50-8 1-hr 3.28E-05 0.000261 0.219 No 10( 5.58E-04

Sulfur dioxide 7446-09-05 1-hr 2.43E-04 0.00193 1.45 No 66( 4.13E-03

Ethyl Chloride 75-00-3 24-hr 2.87E-04 0.0546 394( No 3000( 5.44E-04

Vinyl Chloride 75-014 Year 1.64E-03 114.C 2.4( Yes 0.012E 9.18E-05

Acetonitrile 75-05-8 Year 3.83E-03 26d 1150C No 6( 2.14E-04

Acetaldehyde 75-07-0 Year 4.10E-03 28d 71 Yes 0.3 2.30E-04

Dichloromethane 75-09-2 Year 1.11 E-02 77A 192 Yes I 6.23E-04

Carbon disulfide 75-15-0 24-hr 4.01E-04 0.0763 105 No 80C 7.61E-04

Ethylene oxide 75-21-8 Year 7.73E-06 0.538 2.19 No 0.0114 4.33E-07

Bromoform 75-25-2 Year 8.76E-06 0.60S 174 No 0.90S 4.91E-0

1,1-Dichloroethane 75-34-3 Year 2.72E-05 1.89 12C No 0.62. 1.52E-06

1,1-Dichloroethylene 75-354 24-hr 3.13E-03 0.595 26.2 No 20( 5.94E-03

Chlorodifluoromethane 7545-6 24-hr 9.98E-04 0.19C 657C No 5000( 1.90E-03

l-Chloro-l,l-difluoroethane 75-68-3 24-hr 1.08E-03 0.204 657C No 5000( 2.06E-0

Ammonia 7664-41-7 24-hr 1.00E+00 191 9.31 Yes 70. 1.90E+0C
Selenium & Selenium
Compounds (other than
Hydrogen Selenide) 7782-49-2 24-hr 5.70E-06 0.00109 2.63 No 2( 1.08E-0.

1,2-Dichloropropane 78-87-5 Year 4.78E-05 3.32 19.2 No 0.1 2.68E-06

Methyl Ethyl Ketone 78-93-3 24-hr 9.59E-03 1.8 65d No 500C 1.82E-02

1,1,2-Trichloroethane 79-00-5 Year 5.92E-04 41.1 1 Yes 0.0625 3.31E-0.
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Table 2: Toxic Air Pollutants from the 241-SY, 241-AP, and 241-AY/AZ Ventilation
Systems DE11NWP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions ASIL Dispersed
Period (g/s) (lbs/avg (Ibs/avg. Above (pg/m3) Cone.

period) period) SQER? (pg/M 3)

Trichloroethylene 79-01-6 Year 1.63E-03 113.2 95.i Yes 0.5 9.12E-0'
Acrylic Acid 79-10-7 24-hr 6.5 IE-04 0.124 0.131 No I 1.24E-O2
1,1,2,2-Tetrachloroethane 79-34-5 Year 7.45E-04 51. 3.3 Yes 0.0172 4.17E-0G
2-Nitropropane 79-46-9M 24-hr 1.91E-04 0.036' 2.63 No 2( 3.64E-0G
Hexachlorobutadiene 87-68-3 Year 1.16E-03 80. 8.73 Yes 0.0455 6.50E-05
Naphthalene 91-20-3M Year 1.30E-05 0.90A 5.64 No 0.0294 7.28E-0,
n-Nitroso-di-n-butylamine 924-16-3 Year 1.94E-06 0.135 0.062 Yes 0.000323 1.09E-02
n-Nitrosopyrrolidine 930-55-2 Year 1.94E-06 0.135 0.32 No 0.00167 1.09E-02
o-Xylene 95-47-6 24-hr 1.61E-03 0.306 29 No 221 3.05E-02
2-Methylphenol 95-48-7M 24-hr 2.85E-05 0.00542 78., No 6 5.41E-05
Cumene

Note: CAS #
98-82-8 24-hr 7.03E-05 0.0134 521

Chemical Abstracts Service registry number
NoS40 .34E-04

DRAFT Notice Of Construction Approval Order #DEI INWP-00 l
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Table 3: Toxic Air Pollutants from the 241-SY Ventilation System (DE11NWP-
0O1)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

Ethylbenzene 100-41-4 Year 4.29E-04 2.98E+01 76.8 No

Styrene 100-42-5 24-hr 1.4 1E-04 2.69E-02 118 No

Benzyl Chloride 100-44-7 Year 4.08E-06 2.84E-01 3.91 No

Nitrogen dioxide 10102-44-0 1-hr 1.68E-02 1.33E-01 1.03 No

n-Nitroso-n-methylethylamine 10595-95-6 Year 5.90E-07 4.1OE-02 0.0305 Yes

p-Xylene 106-42-3 24-hr 4.96E-04 9.45E-02 29 No

1,4-Dichlorobenzene 106-46-7 Year 1.89E-05 1.31E+00 17.4 No

1,2-Epoxybutane 106-88-7 24-hr 1.23E-05 2.34E-03 2.63 No

1,2-Dibroioethane 106-93-4 Year 2.43E-05 1.69E+00 2.71 No

1,3-Butadiene 106-99-0 Year 6.06E-05 4.21E+00 1.13 Yes

Acrolein 107-02-8 24-hr 9.07E-07 1.73E-04 0.00789 No

Allyl Chloride 107-05-1 Year 3.1OE-06 2.16E-01 32 No

1,2-Dichloroethane 107-06-2 Year 4.96E-04 3.45E+01 7.39 Yes

Acrylonitrile 107-13-IM Year 3.75E-06 2.61E-01 0.662 No

Vinyl acetate 108-05-4 24-hr 1.36E07 2.59E-05 26.3 No

Methyl Isobutyl Ketone 108-10-1 24-hr 8.42E-04 1.60E-01 394 No

m-Xylene 108-38-3M 24-hr 2.87E-04 5.47E-02 29 No

3-Methylphenol 108-39-4 24-hr 1.44E-06 2.74E-04 78.9 No

Toluene 108-88-3 24-hr 1.4E-02 2.36E+00 657 No

Chlorobenzene 108-90-7 24-hr 1,52E-04 2.90E-02 131 No

Phenol 108-95-2 24-hr 2.48E-03 4.72E-01 26.3 No

n-Hexane 110-54-3 24-hr 1.57E-03 2.99E-01 92 No

Cyclohexane 110-82-7 24-hr 4.8 1E-04 9.16E-02 789 No
Ethylene glycol nonoethyl
ether 111-76-2 24-hr 4.61E-05 8.78E-03 1710 No

Propylene 115-07-1 24-hr 1.20E-03 2.29E-0 l 394 No

Di(2-ethylhexyl)phthalate 117-81-7 Year 2.27E-07 1.58E-02 8 No

1,4-Dioxane 123-91-1 Year 2.14E-04 1.49E+01 24.9 No

Perchloroethylene 127-18-4 Year 4.92E-04 3.42E+01 32.4 Yes

Vanadium Pentoxide 1314-62-1 1-hr 3.57E-05 2.83E-04 0.0657 No
Polychlorinated Biphenyls
(PCBs) 1336-36-3 Year 6.19E-06 4.30E-01 0.336 Yes

Trans-1,2-dichloroethene .156-60-5 24-hr 3.63E-08 6.91E-06 106 No

Butylated hydroxyanisole 25013-16-5 Year 4.33E-07 3.01E-02 3360 No

Formaldehyde 50-00-0 Year 7.16E-06 4.98E-01 32 No

n-Nitrosodiethylamine 55-18-5 Year 5.90E-07 4.10E-02 0.0192 Yes

Carbon Tetrachloride 56-23-5 Year 4.99E-04 3.47E+01 4.57 Yes

1,1 -Dimethylhydrazine 57-14-7 24-hr 5.30E-07 1.0 1E-04 0.0657 No

Propylene Glycol 57-55-6 24-hr 6.85E-05 1.30E-02 3.75 No

n-Nitrosomorpholine 59-89-2 Year 2.73E-06 1.90E-01 0.101 Yes
L00E-

Dimethyl Mercury 593-74-8 24-hr 1.25E-08 2.38E-06 99 Yes

Acetamide 60-35-5 Year 1.84E-06 1.28E-01 9.59 No

DRAFT Notice Of Construction Approval Order #DE I INWP-00 I
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Table 3: Toxic Air Pollutants from the 241-SY Ventilation System (DE11NWP-
0 1)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

n-Nitrosodimethylamine 62-75-9 Year 8.05E-04 5.60E+01 0.0416 Yes
n-Nitrosodi-n-propylamine 621-64-7 Year 5.90E-07 4.1 OE-02 0.0959 No

Methyl Isocyanate 624-83-9 24-hr 5.38E-07 l.02E-04 0.131 No
Carbon monoxide 630-08-0 1-hr 1.13E-02 8.97E-02 50.4 No

Methyl Alcohol 67-56-1 24-hr 2.16E-02 4.11 E+00 526 No

Isopropyl Alcohol 67-63-0 1-hr 1.03E-03 8.17E-03 7.01 No
Chloroform 67-66-3 Year 4.99E-04 3.47E+01 8.35 Yes
Hexachloroethane 67-72-1 Year 5.12E-04 3.56E+01 17.4 Yes

Benzene 71-43-2 Year 4.96E-04 3.45E+01 6.62 Yes

1,1,1-Trichloroethane 71-55-6 24-hr 2.05E-05 3.90E-03 131 No
Methyl Bromide 74-83-9 24-hr 1.95E-05 3.71E-03 0.657 No

Methyl Chloride 74-87-3 24-hr 6.81 E-05 1.30E-02 11.8 No
Hydrogen Cyanide 74-90-8 24-hr 1.73E-06 3.30E-04 1.18 No
Lead and compounds (NOS) 7439-92-1 Year 1,99E-05 1.38E+00 16 No
Manganese & Compounds 7439-96-5 24-hr 1;99E-05 3.79E-03 0.00526 No
Mercury, Elemental 7439-97-6 24-hr 6.05E-06 1.15E-03 0.0118 No
Arsenic & Inorganic Arsenic
Compounds 7440-38-2 Year 1.99E-05 1.38E+00 0.0581 Yes
Beryllium & Compounds
(NOS) 7440-41-7 Year 1.00E-06 6.95E-02 0.08 No
Cadmium & Compounds 7440-43-9 Year l.OQE-05 6.95E-01 0.0457 Yes
Chromium Hexavalent:
Soluble, except Chromic
Trioxide 7440-47-3 Year 3.06E-05 2.13E+00 0.00128 Yes
Cobalt 7440-48-4 24-hr 1.99E-05 3.79E-03 0.013 No
Copper & Compounds 7440-50-8 1-hr I.OOE-05 7.94E-05 0.219 No
Sulfur dioxide 7446-09-05 1-hr 7.39E-05 5.87E-04 1.45 No
Ethyl Chloride 75-00-3 24-hr 8.72E-05 1.66E-02 3940 No
Vinyl Chloride 75-01-4 Year 4.99E-04 3.47E+01 2.46 Yes
Acetonitrile 75-05-8 Year 1.16E-03 8.06E+01 11500 No
Acetaldehyde 75-07-0 Year 1.25E-03 8.69E+01 71 Yes
Dichloromethane 75-09-2 Year 3.39E-03 2.36E+02 192 Yes

Carbon disulfide 75-15-0 24-hr 1.22E-04 2.32E-02 105 No
Ethylene oxide 75-21-8 Year 2.35E-06 1.63E-01 2.19 No
Bromoform 75-25-2 Year 2.67E-06 1.86E-01 174 No
1,1-Dichloroethane 75-34-3 Year 8.28E-06 5.76E-01 120 No
1,1-Dichloroethylene 75-35-4 24-hr 9.51E-04 1.81E-01 26.3 No
Chlorodifluoromethane 75-45-6 24-hr 3.04E-04 5.79E-02 6570 No
I-Chloro-1,l-difluoroethane 75-68-3 24-hr 3.30E-04 6.29E-02 6570 No
Ammonia 7664-41-7 24-hr 3.05E-01 5.81E+01 9.31 Yes
Selenium & Selenium
Compounds (other than
Hydrogen Selenide) 7782-49-2 24-hr 1.73E-06 3.30E-04 2.63 No

DRAFT Notice Of Construction Approval Order #DE1 INWP-001
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Table 3: Toxic Air Pollutants from the 241-SY Ventilation System (DE11NWP-
0 1)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

1,2-Dichloropropane 78-87-5 Year 1.46E-05 1.02E+00 19.2 No

Methyl Ethyl Ketone 78-93-3 24-hr 2.92E-03 5.56E-01 657 No

1,1,2-Trichloroethane 79-00-5 Year 1.80E-04 l.25E+01 12 Yes

Trichloroethylene 79-01-6 Year 4.96E-04 3.45E+01 95.9 No

Acrylic Acid 79-10-7 24-hr 1.98E-04 3.77E-02 0.131 No

1, 1,2,2-Tetrachloroethane 79-34-5 Year 2.27E-04 1.58E+01 3.3 Yes

2-Nitropropane 79-46-9M 24-hr 5.83E-05 1.11E-02 2.63 No

Hexachlorobutadiene 87-68-3 Year 3.53E-04 2.45E+01 8.73 Yes

Naphthalene 91-20-3M Year 3.95E-06 2.75E-01 5.64 No

n-Nitroso-di-n-butylamine 924-16-3 Year 5.90E-07 4.1OE-02 0.062 No

n-Nitrosopyrrolidine 930-55-2 Year 5.90E-07 4.1OE-02 0.32 No

o-Xylene 95-47-6 24-hr 4.89E-04 9.31 E-02 29 No

2-Methylphenol 95-48-7M 24-hr 8.66E-06 1.65E-03 78.9 No

Cumene 98-82-8 24-hr 2.14E-05 4.08E-03 52.6 No

Note: CAS # = Chemical Abstracts Service registry number

DRAFT Notice Of Construction Approval Order #DEI INWP-001
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Table 4: Toxic Air Pollutants from the 241-AP Ventilation System (DE11NWP-
031)

Chemical Name CAS Avg. Emissions Emissions SQER Emissions
Period (g/s) (Ibs/avg. (lbs/avg. Above

period) period) SQER?

Ethylbenzene 100-41-4 Year 5.32E-04 3.70E+01 76.8 No

Styrene 100-42-5 24-hr 1.74E-04 3.32E-02 118 No

Benzyl Chloride 100-44-7 Year 5.05E-06 3.5 1E-01 3.91 No

Nitrogen dioxide 10102-44-0 1-hr 2.08E-02 1.65E-01 1.03 No

n-Nitroso-n-methylethylamine 10595-95-6 Year 7.30E-07 5.08E-02 0.0305 Yes

p-Xylene 106-42-3 24-hr 6.14E-04 1.17E-01 29 No

1,4-Dichlorobenzene 106-46-7 Year 2.34E-05 1.63E+00 17.4 No

1,2-Epoxybutane 106-88-7 24-hr 1.52E-05 2.90E-03 2.63 No

1,2-Dibroinoethane 106-93-4 Year 3.OOE-05 2.09E+00 2.71 No

1,3-Butadiene 106-99-0 Year 7.51E-05 5.22E+00 1.13 Yes

Acrolein 107-02-8 24-hr 1.12E-06 2.14E-04 0.00789 No

Allyl Chloride 107-05-1 Year 3.84E-06 2.67E-01 32 No

1,2-Dichloroethane 107-06-2 Year 6.14E-04 4.27E+01 7.39 Yes

Acrylonitrile 107-13-IM Year 4.64E-06 3.23E-01 0.662 No

Vinyl acetate 108-05-4 24-hr 1 69E-07 3.21E-05 26.3 No

Methyl Isobutyl Ketone 108-10-1 24-hr 1.04E-03 1.99E-01 394 No

m-Xylene 108-38-3M 24-hr 3.55E-04 6.76E-02 29 No

3-Methylphenol 108-39-4 24-hr 1.79E-06 3.40E-04 78.9 No

Toluene 108-88-3 24-hr 1.54E-02 2.93E+00 657 No

Chlorobenzene 108-90-7 24-hr 1.88E-04 3.58E-02 131 No

Phenol 108-95-2 24-hr 3.07E-03 5.84E-01 26.3 No

n-Hexane 110-54-3 24-hr 1.94E-03 3.70E-0 1 92 No

Cyclohexane 110-82-7 24-hr 5.96E-04 1. 14E-0 1 789 No
Ethylene glycol monoethyl
ether 111-76-2 24-hr 5.71E-05 1.09E-02 1710 No

Propylene 115-07-1 24-hr 1.48E-03 2.82E-01 394 No

Di(2-ethylhexyl)phthalate 117-81-7 Year 2.81E-07 1.95E-02 8 No

1,4-Dioxane 123-91-1 Year 2.65E-04 1.84E+01 24.9 No

Perchloroethylene 127-18-4 Year 6.09E-04 4.24E+01 32.4 Yes

Vanadium Pentoxide 1314-62-1 1-hr 4.42E-05 3.51 E-04 0.0657 No
Polychlorinated Biphenyls
(PCBs) 1336-36-3 Year 7,67E-06 5.33E-01 0.336 Yes

Trans-1,2-dichloroethene 156-60-5 24-hr 4.50E-08 8.57E-06 106 No

Butylated hydroxyanisole 25013-16-5 Year 5.36E-07 3.73E-02 3360 No

Formaldehyde 50-00-0 Year 8.87E-06 6.16E-01 32 No

n-Nitrosodiethylamine 55-18-5 Year 7.30E-07 5.08E-02 0.0192 Yes

Carbon Tetrachloride 56-23-5 Year 6.18E-04 4.29E+01 4.57 Yes

1,1-Dimethylhydrazine 57-14-7 24-hr 6.56E-07 1.25E-04 0.0657 No

Propylene Glycol 57-55-6 24-hr 8.48E-05 1.62E-02 3.75 No

n-Nitrosomorpholine 59-89-2 Year 3.37E-06 2.35E-01 0.101 Yes
I.OOE-

Dimethyl Mercury 593-74-8 24-hr 1.55E-08 2.96E-06 99 Yes

Acetarnide 60-35-5 Year 2.28E-06 1.59E-0 1 9.59 No

DRAFT Notice Of Construction Approval Order #DE II NWP-001
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Table 4: Toxic Air Pollutants from the 241-AP Ventilation System (DE 11NWP-
001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (Ibs/avg. (Ibs/avg. Above

period) period) SQER?

n-Nitrosodimethylamine 62-75-9 Year 9.97E-04 6.93E+01 0.0416 Yes

n-Nitrosodi-n-propylamine 621-64-7 Year 7.30E-07 5.08E-02 0.0959 No

Methyl Isocyanate 624-83-9 24-hr 6.66E-07 1.27E-04 0.131 No

Carbon monoxide 630-08-0 1-hr 1.40E-02 1.12E-01 50.4 No

Methyl Alcohol 67-56-1 24-hr 2.68E-02 5.1OE+00 526 No

Isopropyl Alcohol 67-63-0 1-hr 1.27E-03 1.01E-02 7.01 No

Chloroform 67-66-3 Year 6.18E-04 4.29E+01 8.35 Yes

Hexachloroethane 67-72-1 Year 6.34E-04 4.41E+01 17.4 Yes

Benzene 71-43-2 Year 6.14E-04 4.27E+01 6.62 Yes

1,1,1-Trichloroethane 71-55-6 24-hr 2.54E-05 4.84E-03 131 No

Methyl Bromide 74-83-9 24-hr 2.42E-05 4.61E-03 0.657 No

Methyl Chloride 74-87-3 24-hr 8.43E-05 1.60E-02 11.8 No

Hydrogen Cyanide 74-90-8 24-hr 2.14E-06 4.09E-04 1.18 No

Lead and compounds (NOS) 7439-92-1 Year 2.47E-05 1.72E+00 16 No

Manganese & Compounds 7439-96-5 24-hr 2.47E-05 4.70E-03 0.00526 No

Mercury, Elemental 7439-97-6 24-hr 7.49E-06 1.43E-03 0.0118 No
Arsenic & Inorganic Arsenic
Compounds 7440-38-2 Year 2.47E-05 1.72E+00 0.0581 Yes
Beryllium & Compounds
(NOS) 7440-41-7 Year 1.24E-06 8.61E-02 0.08 Yes

Cadmium & Compounds 7440-43-9 Year 1.24E-05 8.61E-01 0.0457 Yes
Chromium Hexavalent:
Soluble, except Chromic
Trioxide 7440-47-3 Year 3.79E-05 2.63E+00 0.00128 Yes

Cobalt 7440-48-4 24-hr 2.47E-05 4.70E-03 0.013 No

Copper & Compounds 7440-50-8 1-hr 1.24E-05 9.82E-05 0.219 No

Sulfur dioxide 7446-09-05 1-hr 9.15E-05 7.26E-04 1.45 No

Ethyl Chloride 75-00-3 24-hr 1.08E-04 2.06E-02 3940 No

Vinyl Chloride 75-01-4 Year 6.18E-04 4.29E+01 2.46 Yes

Acetonitrile 75-05-8 Year 1.44E-03 1.00E+02 11500 No

Acetaldehyde 75-67-0 Year 1.55E-03 1.07E+02 71 Yes

Dichloromethane 75-09-2 Year 4.19E-03 2.91E+02 192 Yes

Carbon disulfide 75-15-0 24-hr 1.51E-04 2.87E-02 105 No

Ethylene oxide 75-21-8 Year 2.91E-06 2.03E-01 2.19 No

Bromoform 75-25-2 Year 3.30E-06 2.29E-01 174 No

1,1-Dichloroethane 75-34-3 Year 1.03E-05 7.13E-01 120 No

1,1-Dichloroethylene 75-35-4 24-hr 1.18E-03 2.24E-01 26.3 No

Chlorodifluoromethane 75-45-6 24-hr 3.76E-04 7.16E-02 6570 No

1-Chloro-1,1-difluoroethane 75-68-3 24-hr 4.08E-04 7.77E-02 6570 No

Ammonia 7664-41-7 24-hr 3.78E-01 7.19E+01 9.31 Yes
Selenium & Selenium
Compounds (other than

Hydrogen Selenide) 7782-49-2 24-hr 2.15E-06 4.09E-04 2.63 No

DRAFT Notice Of Construction Approval Order #DEl NWP-001
Page 17 of 21



Table 4: Toxic Air Pollutants from the 241-AP Ventilation System (DE11NWP-
001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

1,2-Dichloropropane 78-87-5 Year 1.80E-05 1.25E+00 19.2 No
Methyl Ethyl Ketone 78-93-3 24-hr 3.61E-03 6.88E-01 657 No
1,1,2-Trichloroethane 79-00-5 Year 2.23E-04 1.55E+01 12 Yes
Trichloroethylene 79-01-6 Year 6.14E-04 4.27E+01 95.9 No
Acrylic Acid 79-10-7 24-hr 2.45E-04 4.67E-02 0.131 No
1,1,2,2-Tetrachloroethane 79-34-5 Year 2.8] E-04 1.95E+0 1 3.3 Yes

2-Nitropropane 79-46-9M 24-hr 7.21E-05 1.37E-02 2.63 No
Hexachlorobutadiene 87-68-3 Year 4.38E-04 3.04E+01 8.73 Yes
Naphthalene 91-20-3M Year 4.90E-06 3.40E-01 5.64 No
n-Nitroso-di-n-butylainine 924-16-3 Year 7.30E-07 5,08E-02 0.062 No
n-Nitrosopyrrolidine 930-55-2 Year 7.30E-07 5.08E-02 0.32 No
o-Xylene 95-47-6 24-hr 6.05E-04 1.15E-01 29 No
2-Methylphenol 95-48-7M 24-hr 1.07E-05 2.04E-03 78.9 No
Cumene 98-82-8 24-hr 2.65E-05 5.05E-03 52.6 No

Note: CAS #=Chemical Abstracts Service
registry number
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Table 5: Toxic Air Pollutants from the 241-AY/AZ Ventilation System
(DE 11WP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

Ethylbenzene 100-41-4 Year 4.50E-04 3.13E+01 76.8 No

Styrene 100-42-5 24-hr 1.47E-04 2.81 E-02 118 No

Benzyl Chloride 100-44-7 Year 4.27E-06 2.97E-01 3.91 No

Nitrogen dioxide 10102-44-0 1-hr 1.76E-02 1.40E-01 1.03 No

n-Nitroso-n-inethylethylamine 10595-95-6 Year 6.18E-07 4.30E-02 0.0305 Yes

p-Xylene 106-42-3 24-hr 5.19E-04 9.89E-02 29 No

1,4-Dichlorobenzene 106-46-7 Year 1.98E-05 1.38E+00 17.4 No

1,2-Epoxybutane 106-88-7 24-hr 1.29E-05 2.45E-03 2.63 No

1,2-Dibronoethane 106-93-4 Year 2.54E-05 1.77E+00 2.71 No

1,3-Butadiene 106-99-0 Year 6.35E-05 4.42E+00 1.13 Yes

Acrolein 107-02-8 24-hr 9.50E-07 1.81E-04 0.00789 No

Allyl Chloride 107-05-1 Year 3.25E-06 2.26E-01 32 No

1,2-Dichloroethane 107-06-2 Year 5.19E-04 3.61E+01 7.39 Yes

Acrylonitrile 107-13-1M Year 3.93E-06 2.73E-01 0.662 No

Vinyl acetate 108-05-4 24-hr 1.43E-07 2.72E-05 26.3 No

Methyl Isobutyl Ketone 108-10-1 24-hr 8.83E- 04 1.68E-01 394 No

m-Xylene 108-38-3M 24-hr 3.OOE-04 5.72E-02 29 No

3-Methylphenol 108-39-4 24-hr 1.51E-06 2.88E-04 78.9 No

Toluene 108-88-3 24-hr 1.30E-02 2.48E+00 657 No

Chlorobenzene 108-90-7 24-hr 1 .59E-04 3.03E-02 131 No

Phenol 108-95-2 24-hr 2.60E-03 4.94E-01 26.3 No

n-Hexane 110-54-3 24-hr 1.65E-03 3.13E-01 92 No

Cyclohexane 110-82-7 24-hr 5.04E-04 9.6 1E-02 789 No
Ethylene glycol monoethyl
ether 111-76-2 24-hr 4.83E-05 9.21E-03 1710 No

Propylene 115-07-1 24-hr 1.25E-03 2.39E-0 1 394 No

Di(2-ethylhexyl)phthalate 117-81-7 Year 2.38E-07 l.65E-02 8 No

1,4-Dioxane 123-91-1 Year 2.24E-04 1.56E+01 24.9 No

Perchloroethylene 127-18-4 Year 5.16E-04 3.59E+01 32.4 Yes

Vanadium Pentoxide 1314-62-1 1-hr 3.74E-05 2.97E-04 0.0657 No
Polychlorinated Biphenyls
(PCBs) 1336-36-3 Year 6.49E-06 4.51E-01 0.336 Yes

Trans-1,2-dichloroethene 156-60-5 24-hr 3.81E-08 7.25E-06 106 No

Butylated hydroxyanisole 25013-16-5 Year 4.54E-07 3.15E-02 3360 No

Formaldehyde 50-00-0 Year 7.50E-06 5.22E-01 32 No

n-Nitrosodiethylamine 55-18-5 Year 6.18E-07 4.30E-02 0.0192 Yes

Carbon Tetrachloride 56-23-5 Year 5.23E-04 3.63E+01 4.57 Yes

1,1-Dinethylhydrazine 57-14-7 24-hr 5.55E-07 1.06E-04 0.0657 No

Propylene Glycol 57-55-6 24-hr 7.18E-05 1.37E-02 3.75 No

n-Nitrosoinorpholine 59-89-2 Year 2.86E-06 1.99E-01 0.101 Yes
1.00E-

Dimethyl Mercury 593-74-8 24-hr 1.3 1E-08 2.50E-06 99 Yes

Acetamide 60-35-5 Year 1.93E-06 + .34E-01 9.59 No
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Table 5: Toxic Air Pollutants from the 241-AY/AZ Ventilation System
(DEl11NWP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

n-Nitrosodimethylamine 62-75-9 Year 8.44E-04 5.87E+01 0.0416 Yes

n-Nitrosodi-n-propylamine 621-64-7 Year 6.18E-07 4.30E-02 0.0959 No

Methyl Isocyanate 624-83-9 24-hr 5.64E-07 1.07E-04 0.131 No

Carbon monoxide 630-08-0 1-hr 1.19E-02 9.44E-02 50.4 No

Methyl Alcohol 67-56-1 24-hr 2.27E-02 4.32E+00 526 No

Isopropyl Alcohol 67-63-0 1-hr 1.08E-03 8.54E-03 7.01 No

Chloroform 67-66-3 Year 5.23E-04 3.63E+01 8.35 Yes

Hexachloroethane 67-72-1 Year 5.36E-04 3.73E+01 17.4 Yes

Benzene 71-43-2 Year 5.19E-04 3.61E+01 6.62 Yes

1,1,1-Trichloroethane 71-55-6 24-hr 2.15E-05 4.09E-03 131 No

Methyl Bromide 74-83-9 24-hr 2.05E-0S 3.90E-03 0.657 No

Methyl Chloride 74-87-3 24-hr 7.13E-05 1.36E-02 11.8 No

Hydrogen Cyanide 74-90-8 24-hr 1.81 E-06 3.46E-04 1.18 No

Lead and compounds (NOS) 7439-92-1 Year 2.09E-05 1.45E+00 16 No

Manganese & Compounds 7439-96-5 24-hr 2.09E-05 3.98E-03 0.00526 No

Mercury, Elemental 7439-97-6 24-hr 6.33E-06 1.21 E-03 0.0118 No
Arsenic & Inorganic Arsenic
Compounds 7440-38-2 Year 2.09E-05 1.45E+00 0.0581 Yes
Beryllium & Compounds
(NOS) 7440-41-7 Year l.05E-06 7.28E-02 0.08 No

Cadmium & Compounds 7440-43-9 Year 1.05E-05 7.28E-01 0.0457 Yes
Chromium Hexavalent:
Soluble, except Chromic
Trioxide 7440-47-3 Year 3.20E-05 2.23E+00 0.00128 Yes

Cobalt 7440-48-4 24-hr 2.09E-05 3.98E-03 0.013 No

Copper & Compounds 7440-50-8 1-hr 1.05E-05 8.3 1E-05 0.219 No

Sulfur dioxide 7446-09-05 1-hr 7.74E-05 6.14E-04 1.45 No

Ethyl Chloride 75-00-3 24-hr 9.14E-05 1.74E-02 3940 No

Vinyl Chloride 75-01-4 Year 5.23E-04 3.63E+01 2.46 Yes

Acetonitrile 75-05-8 Year 1.22E-03 8.48E+01 11500 No

Acetaldehyde 75-07-0 Year 1.31 E-03 9.t IOE+0 1 71 Yes

Dichloromethane 75-09-2 Year 3.55E-03 2.47E+02 192 Yes

Carbon disulfide 75-15-0 24-hr 1.28E-04 2.43E-02 105 No

Ethylene oxide 75-21-8 Year 2.47E-06 1.71E-01 2.19 No

Bromoform 75-25-2 Year 2.79E-06 1.94E-01 174 No

1,1-Dichloroethane 75-34-3 Year 8.68E-06 6.03E-01 120 No

1,1-Dichloroethylene 75-35-4 24-hr 9.97E-04 1.90E-01 26.3 No

Chlorodifluoromethane 75-45-6 24-hr 3.18E-04 6.06E-02 6570 No

l-Chloro-l,l-difluoroethane 75-68-3 24-hr 3.45E-04 6.58E-02 6570 No

Ammonia 7664-41-7 24-hr 3.19E-0I 6.08E+01 9.31 Yes
Selenium & Selenium
Compounds (other than
Hydrogen Selenide) 7782-49-2 24-hr 1.82E-06 3.46E-04 2.63 No
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Table 5: Toxic Air Pollutants from the 241-AY/AZ Ventilation System
(DEl1NWP-001)

Chemical Name CAS # Avg. Emissions Emissions SQER Emissions
Period (g/s) (lbs/avg. (lbs/avg. Above

period) period) SQER?

1,2-Dichlioropropane 78-87-5 Year 1.52E-05 1.06E+00 19.2 No

Methyl Ethyl Ketone 78-93-3 24-hr 3.06E-03 5.82E-0 1 657 No

1,1,2-Trichloroethane 79-00-5 Year 1.89E-04 1.31E+01 12 Yes

Trichloroethylene 79-01-6 Year 5.19E-04 3.61E+01 95.9 No

Acrylic Acid 79-10-7 24-hr 2.08E-04 3.96E-02 0.131 No

1,1,2,2-Tetrachloroethane 79-34-5 Year 2.37E-04 1.65E+01 3.3 Yes

2-Nitropropane 79-46-9M 24-hr 6.1OE-05 1.16E-02 2.63 No

Hexachlorobutadiene 87-68-3 Year 3.70E-04 2.57E+01 8.73 Yes

Naphthalene 91-20-3M Year 4.14E-06 2.88E-01 5.64 No

n-Nitroso-di-n-butylamine 924-16-3 Year 6.18E-07 4.30E-02 0.062 No

n-Nitrosopyrrolidine 930-55-2 Year 6.18E-07 4.30E-02 0.32 No

o-Xylene 95-47-6 24-hr 5.12E-04 9.76E-02 29 No

2-Methylphenol 95-48-7M 24-hr 9.07E-06 1.73E-03 78.9 No

Cumnene 98-82-8 24-hr 2.24E-05 4.27E-03 52.6 No
Note: CAS # Chemical Abstracts Service
registry number
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STATE OF WASIINGTON

DEPARTMENT OF ECOLOGY
PO Box 47600 * OlYnipia, wVA 98T04-7600 . 360-407-600

711 for Walhiigton Rela Secrke * Persons with a speedh disability can call 877-833-6 41

July 15, 2011

Mr. Ron Skinnarland
Department of Ecology
Richland Field Office
3100 Port of Benton Blvd.
Richland, WA 98354

Dear Mr. Skinnarland:

Second Tier Petition by the U.S. Dept. of Energy (Hanford)

The Washington State Department of Ecology's Air Quality Program (Ecology) has completed
their review of health risks from dimethyl mercury (DMM) emissions from the proposed 241-
SY, 241 -AP, and 241 -AY/AZ Tank Farm ventilation system upgrades in Benton County,
Washington.

Ecology's review indicates that the proposed project will not result in appreciable neurotoxicity
risk to people at any off-site location. Ecology validates the applicant's assertion that the highest
conceivable Hazard Quotient (HQ) is only 6.9E-07.

Ecology also considered the cumulative impacts of existing background concentrations of DMM
in addition to proposed tank farm ventilation system emissions. Tank farm ventilation system
emissions may result in dispersed concentration increases at least 39-fold lower than the existing
DMM concentrations.

Given the lack of appreciable tank farm ventilation system impacts, Ecology concludes that
additional mitigation measures are unnecessary; however, Ecology recommends that if
significant increases in DMM or other toxic air polluants occur unexpectedly, another risk
assessment should be conducted.

Ecology recommends approval of the proposed project because project-related health risks are
permissible under WAC 173-460-090, and the cumulative Neurotoxicity HQ posed by DMM in
the Hanford area is far less than one.



Mr. Ron Skinnarland
Page 2
July 15, 2011

This project has satisfied all requirements of a second tier review. Ecology recommends that you
incorporate our findings as part of your ambient air impacts analysis, and you may begin the
public comment period when you are ready to do so.

If you would like to discuss this project further, please contact David Ogulei at (360) 407-6803
or david.ogulei@ecy.wa.gov.

Sincerely,

Jeff Johnston, PhD
Science and Engineering Section Manager
Air Quality Program

jj/do/mk

Enclosure

cc: Jonathan Dowell, U.S. Department of Energy, Office of River Protection
David Ogulei, Ecology
Brian Rumburg, Washington River Protection Solutions, LLC
Oliver Wang, Ecology-NWP
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1. EXECUTIVE SUMMARY

1.1. Proposal Summary

The U.S. Department of Energy (DOE), through their tank operations contractor, Washington
River Protection Solutions, LLC (WRPS), has proposed to upgrade primary tank ventilation
systems for the 241-AP, 241-SY, and 241-AY/AZ radioactive waste tank farms. The tank farms
are located at the 200 West and 200 East areas of the Hanford Site in Benton County,
Washington. The ventilation system upgrades will replace the existing exhaust systems and will
support Waste Feed Delivery (WFD) from the 200 area tank farms to the Waste Treatment and
Immobilization Plant (WTP). The WTP planned to start operations in 2019 and finish in 2049.
The proposed tank farm ventilation system upgrades are being performed as part of the overall
plan to treat stored radiological and chemical waste from historical plutonium production. The
tank farm ventilation systems will be constructed, installed, tested, and fully operational in three
phases, beginning with 241-AP, to be followed by 241-SY and 241-AY/AZ, respectively.

Operation of the new ventilation systems (exhausters) will support the storage, treatment,
retrieval, sampling, transfers, and mixing of waste in the 241-SY, 241-AP, and 241-AY/AZ tank
farms. The new exhausters will have increased flow rates to support WFD operations. Two
mixer pumps will be installed to up to two tanks in each farm to make the waste homogeneous
for sampling and processing at the waste treatment plant. The heat generated during mixing and
by the pumps will be removed from the tanks using the new ventilation systems.

During the WFD process, double-shell tanks (DSTs) will be mixed to transfer waste between
tank farms to be blended and to provide feed to the WTP. The mixing and transfer process is
expected to take approximately 15 to 20 days to complete. For the rest of the time, the mixer
pumps will not operate or will be removed, the waste will be quiescent, and the exhausters will
run at their normal flow rates.

Potential emissions of dimethyl mercury (DMM) from all three proposed exhausters will exceed
the applicable acceptable source impact level (ASIL) promulgated in Washington Administrative
Code (WAC) 173-460-150. Therefore, in accordance with WAC 173-460-090, DOE petitioned
for second tier review of DMM emissions expected from the project.

1.2. Health Impacts Evaluation

DOE retained WRPS to complete the second tier petition on their behalf Review of data in the
Health Impact Assessment (HIA) conducted by WRPS and of other data indicates there is a
limited amount of data on background DMM concentrations. The available data show DMM
emissions from the tank exhausters could result in no more than a 2.5 percent increase of DMM
concentrations above the existing background airborne concentration at the point of maximum
off-site impact located on Highway 240. Due to the conservative assumptions about emissions,
actual increase in airborne concentrations is likely to be far lower than 2.5 percent.
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As required by Chapter 173-460 WAC, DOE/WRPS evaluated exposure through inhalation and
ingestion of DMM from the exhausters. They estimated the tank exhausters' total attributable
DMM dose to a hypothetical maximally exposed person as 6.9E-07 micrograms per kilogram
(pig/kg) of body weight per day. At this exposure, the hazard quotient (HQ) is 6.79E-6, which is
much less than one.

Because accidental exposures to liquid DMM have previously caused human fatalities, the
Washington State Department of Ecology (Ecology) chose an ASIL for DMM so low as to force
extra caution in review of all DMM air emission permit applications. However, as further
explained below, Ecology's technical review of potential DMM emissions from the proposed
241-SY, 241-AP, and 241-AY/AZ Tank Farm ventilation system upgrades shows that public
exposures to DMM emissions from the ventilation system upgrades will be trivial. Specifically,
the HQ of the most sensitive effect-damage to the fetal central nervous system-is well below
one, which indicates the potential for effect is extremely low.

Although there is no numerically defined acceptable limit of noncancer adverse health risks in
Chapter 173-460 WAC, the amount of increased neurological impairment risk is far less than the
HQ of one. This demonstrates that adverse noncancer effects are not expected from the project.
Therefore, the project is approvable under WAC 173-460-090(7).

1.3. Conclusions and Recommendation

Based upon the available literature, very low emissions, and resulting ambient concentrations,
the emissions of DMM from the proposed new ventilation systems should not pose a risk to the
public. Ecology's analysis also indicates no potential for significant emissions of any other
neurotoxic toxic air pollutants (TAPs). Based on review of the technical analysis provided by
DOE and WRPS, and provided the exhausters are operated as proposed, the additional health
risks attributable to this project will be permissible under Chapter 173-460 WAC. The
remainder of this document describes the technical review performed by Ecology.

2. PERMITTING PROCESS OVERVIEW

2.1. The Regulatory Process

The requirements for performing a toxics screening are established in Chapter 173-460 WAC.
This regulation requires a review of any increase in regulated toxic emissions for all new or
modified stationary sources in the state of Washington.

2.1.1. The Three Tiers of Permitting Toxic Air Pollutants

The objectives of permitting TAPs are to establish the systematic control of new sources emitting
TAPs in order to prevent air pollution, reduce emissions to the extent reasonably possible, and
maintain such levels of air quality as will protect human health and safety.
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There are three levels of review when processing a new or modified emissions unit emitting
TAPs: (1) first tier review (toxics screening), (2) second tier review (health impact assessment),
and (3) third tier review (risk management decision).

All projects are required to undergo a toxics screening (first tier review) as required by WAC
173-460-040. There are two ways to perform a first tier review. If proposed emissions are
below the Small Quantity Emission Rates (SQERs) found in WAC 173-460-150, no further
analysis is required. If emissions are greater than the SQERs, those emissions must be modeled
and the resultant ambient concentration compared against the appropriate ASIL. If the ambient
concentration is below the ASIL, then no further analysis is required.

A second tier review, required by WAC 173-460-090, is a site-specific HIA. The objective of a
second tier review is to quantify the increase in lifetime cancer risk for persons exposed to the
increased concentration of any carcinogenic TAP and to quantify other increased health hazards
from any TAP in ambient air that would result from a proposed project. Once quantified, the
cancer risk is compared to the maximum risk allowed under a second tier review, which is one in
one hundred thousand, and the concentration of any TAP emission from the proposed project is
compared to a noncancer health risk-based concentration value (RBC).

If the emission of a TAP results in additional cancer risk greater than one in one hundred
thousand, or Ecology finds that other health hazards are not acceptable, an applicant may request
Ecology perform a third tier review. A third tier review is a risk management decision made by
the director of Ecology about whether or not the health risks posed by a project are acceptable.
The decision is based on a determination that emissions will be maximally reduced through
available preventive measures, assessment of environmental benefits, disclosure of risks at a
public hearing, and related factors associated with the facility and the surrounding community.

The proposed 241-SY, 241-AP, and 241-AY/AZ Tank Farm ventilation system upgrades
triggered second tier review because the project's exhausters will emit DMM at levels that
exceed the DMM ASIL. It must be noted that unlike other TAPs listed in WAC 173-460-150,
the ASILs for DMM and diethyl mercury are not based on toxicity data. These ASILs have no
foundation in scientific principle. Instead, they were set at an implausibly low level to assure a
second tier review would be performed for any emission from a source subject to Chapter 173-
460 WAC.

2.1.2. Second Tier Review Processing Requirements

Processing requirements for second tier petitions are found in WAC 173-460-090(2). Ecology
shall evaluate a source's second tier petition only if:

(i) The permitting authority submits to Ecology a preliminary order of approval that
addresses all applicable new source review issues with the exception of the
outcome of second tier review, State Environmental Policy Act review, public
notification, and Prevention of Significant Deterioration (PSD) review (if
applicable);
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(ii) Emission controls contained in the preliminary approval order represent at least
Best Available Control Technology for Toxics (tBACT);

(iii) The applicant has developed a HIA protocol that has been approved by Ecology;

(iv) The ambient impact of the emissions increase of each TAP that exceeds its ASIL
has been quantified using refined air dispersion modeling techniques as approved
in the HIA protocol; and

(v) The second tier petition contains a HIA conducted in accordance with the
approved HIA protocol.

To date, communications between DOE/WRPS and Ecology include various documents and
related meetings:

1. Ecology's Richland Field Office (RFO) submits a revised preliminary Notice of
Construction (NOC) Order of Approval for the project (June 30, 2011).

2. RFO submits a preliminary NOC Order of Approval for the project (May 19, 2011).

3. Ecology deems second tier petition incomplete, pending receipt of a preliminary order of
approval and review fees (March 18, 2011).

4. Complete second tier review petition received by Ecology from applicant (February 18,
2011).

5. Receipt-circa February 14, 2011 -of the final electronic versions of the applicant's
NOC application and second tier petition including:

" Criteria & Toxics Air Emissions Notice of Construction for the Operation of the
241-AP, 241-SY, and 241-AY/AZ Tank Farm Ventilation System Upgrades

* Second Tier Review Petition for the Operation of the 241-SY, 241-AP, and 241-
AY/AZ Tank Farm Ventilation System Upgrades

6. DST Ventilation Systems Draft NOC review sent to applicant (December 14, 2010).

7. Completed reviews of the draft HIA (Clint Bowman) sent to applicant (December 8,
2010).

8. Receipt of the applicant's draft NOC application and second draft HIA application for the
Hanford DST Ventilation System Upgrade (November 23, 2010).

9. Hanford Exhauster Permit Meeting in Lacey (June 18, 2010).
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10. Receipt of the applicant's revised tBACT and source-term documents for the Hanford
DST permit application (circa June 4, 2010).

11. Ecology sent review of applicant's draft HIA Protocol (circa December 14, 2009).

12. Draft HIA Protocol received from applicant (circa December 04, 2009).

13. First meeting with applicant/consultants for the Hanford Tier 2 (November 17, 2009).

Ecology considers the preliminary order of approval, as revised on June 30, 2011, to satisfy
items (i) and (ii) above. Additionally, the communications between DOE/WRPS and Ecology
include items (iii), (iv) and (v) above for the proposed project. The documents and electronic
files submitted by DOE/WRPS as of February 14, 2011, contained sufficient information to
perform a health impacts review in accordance with standard risk assessment procedures.

In summary, DOE/WRPS and RFO satisfied the second tier review requirements listed above.
Thus, Ecology considers the second tier petition complete.

3. FACILITY INFORMATION

3.1. Facility Location

The 241-SY, 241-AP, and 241-AY/AZ DSTs farms are located northwest of Richland at:

U.S. Department of Energy, Office of River Protection
Hanford Site
200 East and West Area Tank Farms
Richland, WA 99352

The DSTs are located in the 200 East and West areas of the Hanford Site (see Figure 1).

The exact latitude and longitude coordinates of each set of tanks is provided in the petition
documents.'

3.2. Permitting History

The permit issuance history for the 241-SY, 241-AP, and 241-AY/AZ ventilation systems is
documented in the petition documents. 2

RPP-ENV-48231, Rev. 0, Table 1 on p. 3 (10/214)
2 RPP-ENV-48231, Rev. 0, Section 1.3 on p. 2 (8/214)
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3.3. The Proposed Project

As stated above, DOE/WRPS submitted a draft NOC application to RFO for the Hanford DST
Ventilation System Upgrades on November 23, 2010, and the final "Criteria & Toxics Air
Emissions Notice of Construction for the Operation of the 241-AP, 241-SY, and 241-AY/AZ
Tank Farm Ventilation System Upgrades" circa February 14, 2011. The NOC application
requests approval to install and operate new 241 -SY, 241 -AP, and 241 -AY/AZ primary
ventilation system exhausters. The new ventilation systems will operate for waste storage,
treatment, retrieval, sampling, and transfers of the waste to the WTP. The existing exhausters
will be upgraded with increased air flow rates because thermal hydraulic analysis of the WFD
process determined that increased air flow rates are necessary to maintain the tanks within
operating temperature limits.3

3 The minimum treatment systems will include a demister, pre-heater, and two stages of HEPA filtration (each
99.97% control at 3 micrometer). Mists are low probability - but can be present in the -1500 acfm ventilation. If
they control the organic mercury compounds they will likely be doing that with doped granular activated carbon.
Doug Hendrickson, e-mail message, October 21, 2009.
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Future operations of the WTP (vitrification plant) requires storage and transfer of Hanford tank
wastes from both double- and single-shell tanks. Current single-shell tank (SST) wastes are
sludges and salt-cakes, having had the pumpable liquor removed. SST wastes will be sluiced or
otherwise removed and transferred to DSTs. DOE proposes to upgrade the ventilation systems
of two farms of DSTs to be able to assure confinement of gases and mists from the filling,
pumping, and mixing of wastes within these DSTs. Each tank in these farms has a capacity of
approximately 1.16 million gallons. Operation of the new ventilation systems will support the
storage, treatment, retrieval, sampling, transfers, and mixing of the waste in the new 241-SY,
241-AP, and 241-AY/AZ exhausters. Figures 2 and 3 show a diagram of a typical DST and a
DST exhauster, respectively.
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Figure 2. A schematic of a typical DST at the Hanford Site in WA

(Source: DOE/WRPS)
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Figure 3. A conceptual drawing of a DST exhauster at the Hanford Site in WA

(Source: DOE/WRPS)

The exhausters are being upgraded with increased flow rates to handle the increased heat from
mixer pumps that will be added to mix the tanks during waste transfers between tank farms and
waste delivery to the WTP. The WTP is planned to start operations in 2019 and finish in 2049.
Design of the 241 -SY and 241 -AP ventilation systems, as well as partial construction and
procurement, is the result of funding made available by the American Recovery and
Reinvestment Act.

The proposed ventilation system upgrades will support the tanks WFD mission as part of the
overall plan to treat stored radiological and chemical waste from plutonium production. During
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the WFD process, DSTs will be mixed to transfer waste between tank farms to be blended and to
provide feed to the WTP. Mixing will require up to two mixing pumps in up to two tanks per
tank farm to ensure that the waste is homogeneous for sampling and waste acceptance before
transfers begin. Since the heat generated from the operation of the mixer pumps will increase the
temperature of the waste, the new exhausters are designed with higher flow rates to remove
additional heat so that tanks remain within their operational temperature parameters. The mixing
and transfer process should take approximately 15 to 20 days to complete. The rest of the time,
the mixer pumps will be not be operating or will be removed, the waste will be quiescent, and the
exhausters will run at their normal flow rates.

Delivery of the new exhausters is expected to take place between July 2011 and July 2012. After
installation and testing, operations are scheduled to begin between October 2012 and October
2013. The exhausters will be designed for a 40-year design-life, consistent with the scheduled
Hanford Site cleanup completion.4

WAC 173-400-113(5) requires a proposed new source or modification to comply with the TAP
regulations in Chapter 173-460 WAC. Many volatile chemicals could be emitted from the tanks
during the WFD process. Of these chemicals, estimated emissions and atmospheric modeling
showed that only DMM could be emitted at a rate that would result in air concentrations greater
than its ASIL concentration. Therefore, DOE and WRPS are required to submit a second tier
petition per WAC 173-460-090.

4. POLLUTANT SCREENING

4.1. Emissions

DOE/WRPS listed information on emissions of 91 TAPs and other substances found in
tank headspaces (Table 1).5

Table 1. TAPs Detected in Tank Headspaces

WAC 173-460-150 Name CASRN
Trans-1,2-dichloroetherie 1 56-60-5
Ethylbenzene 100-41-4
Styrene 100-42-5
Benzyl Chloride 100-44-7
Nitrogen oxide 10102-43-9
Nitrogen dioxide 10102-44-0
n-Nitroso-n-methylethylamine 10595-95-6
p-Xylene 106-42-3
1,4-Dichlorobenzene 106-46-7
1,2-Epoxybutane 106-88-7
1,2-Dibromoethane 106-93-4
1,3-Butadiene 106-99-0

4 Specific details are given in RPP-ENV-48229, Rev. 0, Section 4.0 Proposed Action, pp. 14-15.
5 Table C-1, Toxic air pollutant emission rates and comparison to the WAC 173-460-150 de minimis, SQER, and
ASIL levels in RPP-ENV-48231 Appendix C, p. 3 (p. 87-91 of 214).
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WAC 173-460-150 Name CASRN
Acrolein 107-02-8
Allyl Chloride 107-05-1
1,2-Dichloroethane 107-06-2
Acrylonitrile (2-Propenenitrile) 107-13-1
Vinyl acetate 108-05-4
Methyl Isobutyl Ketone 108-10-1
m-Xylene 108-38-3
3-Methylphenol 108-39-4
Toluene 108-88-3
Chlorobenzene 108-90-7
Phenol 108-95-2
n-Hexane 110-54-3
Cyclohexane 110-82-7
Ethylene glycol monobutyl ether 111-76-2
Propylene 115-07-1
Di(2-ethyIhexy)phthaLate 117-81-7
1,4-Dioxane 123-91-1
Perchloroethylene 127-18-4
Vanadium pentoxide 1314-62-1
PCBs 1336-36-3
Butylated hydroxyanisole 25013-16-5
Formaldehyde 50-00-0
n-Nitrosodiethylamine 55-18-5
Carbon Tetrachloride 56-23-5
1 ,1-Dimethylhydrazine 57-14-7
Propylene Glycol 57-55-6
Dimethyl mercury 593-74-8
n-Nitrosomorpholine 59-89-2
Hexachloroethane 6 7-72-1
Acetamide 60-35-5
n-Nitrosodi-n-propylamine 62 1-64-7
Methyl Isocyanate 624-83-9
n-Nitrosodimethylamine 62-75-9
Carbon monoxide 630-08-0
Methyl Alcohol 67-56-1
Isopropyl Alcohol 67-63-0
Chloroform 67-66-3
Benzene 71-43-2
1,1 l-Trichloroethane 71-55-6
Lead 7439-92-1
Mercury, Elemental 7439-97-6
Cadmium & Compounds 7440-43-9
Cobalt 7440-46-4
Methyl Bromide 74-83-9
Methyl Chloride 74-87-3
Hydrogen Cyanide 74-90-8
Ethyl Chloride 75-00-3
Vinyl Chloride 75-01-4
Acetonitrile 75-05-8
Acetaldehyde 75-07-0
Dichloromethane 75-09-2
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WAC 173-460-150 Name CASRN
Carbon disulfide 75-15-0
Ethylene oxide 75-21-8
Bromoform 75-25-2
1,1 -Dichloroethane 7534-3
1,1 -Dichloroethylene 75-35-4
Chlorodifluoromethane 75-45-6
1 -Chloro- 1,1 -difluoroethane 75-68-3
Ammonia 7664-41-7
1 2-Dichloropropane 78-87-5
Methyl Ethyl Ketone 78-93-3
1,1,2- Trichloroethane 79-00-5
Trichloroethylene 79-01-6
Acrylic Acid 79-10-7
1,1,2,2-Tetrachloroethane 79-34-5
2-Nitro-Propane and others 79-46-9
Hexachlorobutadiene 87-68-3
Naphthalene and others 91-20-3
n-Nitroso-di-n-butylamine 924-16-3
n-Nitrosopyrrolidine 930-55-2
o-Xylene 95-47-6
2-methylphenol and others 95-48-7
Cumene 98-82-8
SOx Total
Sulfur dioxide (SOx)
NOx
NOx total
Total organic Carbon (non-methane)

4.2. Best Available Control Technology for Toxics (tBACT)

The proposed DST ventilation systems are unique compared to ordinary pollution control
devices. They are designed to control and greatly reduce emissions a wide range of radioactive
and toxic substances in the DST headspaces. Specific details are given in RPP-ENV-48229,
Rev. 0, Section 4.2, Best Available Control Technology, pp. 18-19.

RFO was responsible for establishing BACT and tBACT for the new DST ventilation systems.
RFO has determined that BACT and tBACT for this project includes operation of each primary
tank ventilation exhauster system not exceeding ventilation rates for WFD in Table 2, with a
moisture de-entrainer, heater, prefilters, and a two-stage High Efficiency Particulate Air (HEPA)
filtration system in service in each treatment train.
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Table 2. Project Farm Ventilation Rate

Storage, Retrieval, and Waste Feed Delivery
Tank Farm Sampling Operations Operations

241-SY 1,360 scfm 2,500 scfm
241-AP 1,500 scfm 3,000 scfm
241-AY/AZ 1,500 scfm 3,000 scfm
scfm = standard cubic foot per minute, 1 atmosphere pressure at 20'C

Additionally, DMM emissions will be limited to approximately 7.85E-06 pounds per 24-hour
period.

4.3. Air Dispersion Modeling

WRPS conducted air dispersion modeling of project emissions at the Hanford Site boundary and
beyond.6 WRPS used the United States EPA AERMOD dispersion model, Version 09292.
EPA-454/B-03-00 1, User's Guide for the AMS/EPS Regulatory Model - AERMOD and
Ecology's Guidance Document: First, Second, and Third Tier Review of Toxic Air Pollution
Sources (08-02-025) for guidance. Specific modeling inputs are described in the petition.

4.4. Points of Compliance

The Hanford Site is restricted to public access by a fence and guards. The zone of compliance
includes all areas outside the fence and the public right-of-way encompassed by Highway 240,
which is to the south and west of the tank farms. The access boundary and Highway 240 are
shown in Figure 1.

In meetings with DOE, WRPS, RFO, and Ecology, it was agreed that the U.S. Ecology Disposal
Facility, which is inside the fence but not otherwise affiliated with DOE, would not be
considered an off-site receptor since access to the U.S. Ecology Disposal Facility is controlled
the same way as access to other portions of the Hanford Site.

6 Specific details are given in RPP-ENV-48229, Rev. 0, Sections 4.3 and 4.4, pp. 19-25.
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Table 3. TAP Emission Rates and Comparisons to the WAC 173-460-150 De Minimis, SQER, and ASIL Levels

Emissions De Minimis SQER Dispersed
Avg. (lb/avg. Above De (lb/avg. Above Conc. ASIL Above

Chemical Name CAS# Period (g/s) (lb/hr) (lb/24-hr) (lb/yr) period) Minimis? period) SQER? (pIg/m 3) (jg/m3) ASIL?

1,1,2,2-Tetrachloroethane 79-34-5 Year 7.45E-04 - - 51.8 0.165 Yes 3.3 Yes 4.17E-05 0.0172 No

1,1,2-Trichloroethane 79-00-5 Year 5.92E-04 - - 41.1 0.6 Yes 12 Yes 3.31E-05 0.0625 No

1,2-Dibromoethane 106-93-4 Year 7.97E-05 - - 5.54 0.135 Yes 2.71 Yes 4.46E-06 0.0141 No

1,2-Dichloroethane 107-06-2 Year 1.63E-03 - - 113.2 0.369 Yes 7.39 Yes 9.12E-05 0.0385 No

1,3-Butadiene 106-99-0 Year 1.99E-04 - - 13.9 0.0564 Yes 1.13 Yes 1.12E-05 0.00588 No

1,4-Dioxane 123-91-1 Year 7.02E-04 - - 48.8 1.25 Yes 24.9 Yes 3.93E-05 0.13 No

Acetaldehyde 75-07-0 Year 4.1OE-03 - - 285 3.55 Yes 71 Yes 2.30E-04 0.37 No

Acrylonitrile 107-13-IM Year 1.23E-05 - - 0.856 0.0331 Yes 0.662 Yes 6.90E-07 0.00345 No

Ammonia 7664-41-7 24-hr 1.45E-02 - 191 - 0.465 Yes 9.31 Yes 2.76E-02 70.8 No

Arsenic & Inorganic Arsenic 7440-38-2 Year 6.55E-05 - - 4.56 0.00291 Yes 0.0581 Yes 3.67E-06 0.000303 NoCompounds

Benzene 71-43-2 Year 1.63E-03 - - 113.2 0.331 Yes 6.62 Yes 9.12E-05 0.0345 No

Beryllium & Compounds (NOS) 7440-41-7 Year 3.28E-06 - - 0.228 0.004 Yes 0.08 Yes 1.84E-07 0.000417 No

Cadmium & Compounds 7440-43-9 Year 3.28E-05 - - 2.28 0.00228 Yes 0.0457 Yes 1.84E-06 0.000238 No

Carbon Tetrachloride 56-23-5 Year 1.64E-03 - - 114 0.228 Yes 4.57 Yes 9.18E-05 0.0238 No

Chloroform 67-66-3 Year 1.64E-03 - - 114 0.417 Yes 8.35 Yes 9.18E-05 0.0435 No

Chromium Hexavalent: Soluble, 7440-47-3 Year 1.00E-04 - - 6.98 0.000064 Yes 0.00128 Yes 5.63E-06 6.67E-06 Noexcept Chromic Trioxide

Dichloromethane 75-09-2 Year 1. 11 E-02 - - 773 9.59 Yes 192 Yes 6.23E-04 I No
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Emissions De Minimis SQER Dispersed
Avg. (lb/avg. Above De (lb/avg. Above Conc. ASIL Above

Chemical Name CAS# Period (g/s) (lb/hr) (1b/24-hr) (lb/yr) period) Minimis? period) SQER? (ptg/m 3) (ptg/m 3) ASIL?

Dimethyl Mercury 593-74-8 24-hr 4.12E-08 - 7.85E-06 - 1.OOE-99 Yes 1.OOE-99 Yes 7.83E-08 1.00E-99 Yes

Ethylbenzene 100-41-4 Year 1.41E-03 - - 98.1 3.84 Yes 76.8 Yes 7.90E-05 0.4 No

Hexachlorobutadiene 87-68-3 Year 1.16E-03 - - 80.8 0.437 Yes 8.73 Yes 6.50E-05 0.0455 No

Hexachloroethane 67-72-1 Year 1.68E-03 - - 117 0.872 Yes 17.4 Yes 9.42E-05 0.0909 No

Manganese & Compounds 7439-96-5 24-hr 6.55E-05 - 0.0125 - 0.000263 Yes 0.00526 Yes 1.25E-04 0.04 No

n-Nitrosodiethylamine 55-18-5 Year 1.94E-06 - - 0.135 0.000959 Yes 0.0192 Yes 1.09E-07 0.0001 No

n-Nitrosodimethylamine 62-75-9 Year 2.65E-03 - - 184 0.00208 Yes 0.0416 Yes 1.48E-04 0.000217 No

n-Nitroso-di-n-butylamine 924-16-3 Year 1.94E-06 - - 0.135 0.0031 Yes 0.062 Yes 1.09E-07 0.000323 No

n-Nitrosodi-n-propylamine 621-64-7 Year 1.94E-06 - - 0.135 0.0048 Yes 0.0959 Yes 1.09E-07 0.0005 No

n-Nitrosomorpholine 59-89-2 Year 8.96E-06 - - 0.623 0.00505 Yes 0.101 Yes 5.01E-07 0.000526 No

n-Nitroso-n-methylethylamine 10595-95-6 Year 1.94E-06 - - 0.135 0.00153 Yes 0.0305 Yes 1.09E-07 0.000159 No

Perchloroethylene 127-18-4 Year 1.62E-03 - - 112.4 1.62 Yes 32.4 Yes 9.06E-05 0.169 No

Polychlorinated Biphenyls (PCBs) 1336-36-3 Year 2.04E-05 - - 1.415 0.0168 Yes 0.336 Yes 1.14E-06 0.00175 No

Trichloroethylene 79-01-6 Year 1.63E-03 - - 113.2 4.8 Yes 95.9 Yes 9.12E-05 0.5 No

Vinyl Chloride 75-01-4 Year 1.64E-03 - - 114 0.123 Yes 2.46 Yes 9.18E-05 0.0128 No

Source: DOE/WRPS RPP-ENV-48229 -Table A-2

l
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4.5. Maximum TAP Concentrations

DOE/WRPS calculated maximum air-dispersion-modeled concentrations of all 91 TAPs that
have been detected in tank headspace. 7 Only DMM emissions would produce ground-level
concentrations exceeding its ASIL as listed in WAC 173-460-150. The air-dispersion-modeled
maximum concentrations of all other TAPs are below their ASIL values.

TAPs that exceeded their SQERs are shown in Table 3. The highest modeled off-site
concentration of each TAP is compared to its respective ASIL.

Figure 4 shows the average DMM concentration gradient attributable to the new DST ventilation
systems that could occur in the single worst year among five recent years. Because the DMM
concentration will exceed its ASIL, a second tier petition, as defined in WAC 173-460-090, is
required to evaluate the potential health impacts of the project.

The remainder of this document describes the results of Ecology's review of the HIA supplied by
DOE/WRPS.

4.6. Pollutants Subject to Second Tier Review

As shown in Table 3, DMM is subject to second tier review. The air dispersion modeling
analysis presented in the new exhausters permit application predicts that in a 24-hour averaging
period, the off-site or extra-boundary concentration of DMM would exceed its ASIL. Another
23 TAPs exceed their SQER values.

5. HEALTH IMPACT ASSESSMENT

5.1. Introduction

Information pertaining to potential health impacts of DMM to be emitted from the new
exhausters was prepared by DOE and WRPS. Ecology reviewed the information and prepared
this assessment of health risks to the public associated with exposure to the planned emissions.
Ecology's Air Quality Program (AQP) review team consists of a professional engineer, a
meteorologist, and a toxicologist. Ecology's assessment follows the requirements promulgated
in Chapter 173-460 WAC. The analysis is not a complete risk assessment, but it follows the four
steps of the standard health risk assessment approach proposed by the National Academy of
Sciences (NAS, 1983, 1994)"'9: (1) hazard identification, (2) exposure assessment, (3) dose-
response assessment, and (4) risk characterization. The assessment constitutes the basis for the
AQP risk manager's decision.

7 Table C-1, Toxic air pollutant emission rates and comparison to the WAC 173-460-150 de minimis, SQER, and
ASIL levels in RPP-ENV-48231 on Appendix C, p. 3 (p. 87-91 of 214).
8 NAS, 1983, National Academy of Sciences, Risk Assessment in the Federal Government: Managing the Process,
National Research Council, National Academy Press, Washington, D.C.
9 NAS, 1994, National Academy of Sciences, Science and Judgment in Risk Assessment, National Research
Council, National Academy Press, Washington, D.C.
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5.2. Hazard Identification

DOE/WRPS provided emission rates of each TAP in the list of substances found in tank
headspaces. The emission rates of 41 of these TAPs exceed their de minimis values. Among
these, 32 exceed their SQER values (Table 3).

The hazard identification step of the health risk analysis involves assessing information on
potential adverse health effects associated with TAPs that exceed their SQERs. Table 4
summarizes the potential health effects of the TAPs that exceed their SQERs.

Table 4. Potential Adverse Effects of TAPs to be Emitted in Amounts Above SQERs

TAP Emissions That Potential Effects and Hazard Index Targets
Exceed SQERs

Possible human carcinogen; increased incidence of hepatocellular1, 1,2,2-Tetrachloroethane carcinomas in mice; hepatic and respiratory effects
Possible human carcinogen; hepatocellular carcinomas and
pheochromocytomas in one strain of mice; hepatic and neurological effects.
A LOAEL concentration of 418 ppm in air for neurological effects in

1,1,2-Trichloroethane experimental animals was presented by ATSDR, but they found no studies
regarding neurodevelopment effects in humans or animals.' 0 418 ppm
(2.32E6-pg/m 3) is far more than the 0.000000184-pg/m 3 dispersed
concentration estimate from proposed Hanford emissions.

1,2-Dibromoethane Carcinogenicity; dermal, hepatic, renal, reproductive effects and nasal
inflammation; no reported neurodevelopmental effects
Probable human carcinogen. Based on the induction of several tumor types

1,2-Dichloroethane in rats and mice treated by gavage and lung papillomas in mice after topical
application.

1,3-Butadiene Carcinogenicity; ovarian atrophy; neurological effects at very high
exposure concentrations; no reported neurodevelopmental effects

1,4-Dioxane Probable human carcinogen; eye and respiratory irritation; neurological and
developmental effects only at very high exposures

Acetaldehyde Probable human carcinogen; degeneration of olfactory epithelium; may
cause neural tube defects at high doses as seen in Fetal Alcohol Syndrome
Carcinogenicity; degeneration and inflammation of nasal respiratory

Acrylonitrile epithelium; hyperplasia of mucous secreting cells; inhalation exposure
results in teratogenic effects in rats. There is no information on potential
neurodevelopmental effects.

Ammonia Eye and respiratory irritation; increased severity of rhinitis and pneumonia
with respiratory lesions

Arsenic & Inorganic Known human carcinogen; cardiovascular effects. There is evidence from

Arsenic Compounds epidemiological studies that inhaled inorganic arsenic can produce
neurological effects, peripheral neuropathy sensory and motor

'0 http://www.atsdr.cdc.gov/ToxProfiles/tp148-c2.pdf
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TAP Emissions That Potential Effects and Hazard Index Targets
Exceed SQERs

polyneuropathy, pseudoneurasthenic syndrome, toxic encephalopathy,
auditory nerve damage, reduced verbal IQ impairment, developmental
effects (skeletal malformations and the retarded growth) by inhalation
exposure in laboratory animals, although it is unclear whether or not the
effects occur only at maternally toxic doses."
Known human carcinogen. At high exposure levels, adverse effects involve
multiple organs and biological processes. The acute hazard targets are
reproductive and developmental organs, immune system, hematologic
system; chronic hazard targets are hematopoietic system, development.
Chronic inhalation exposure has been associated with distal neuropathy,

Benzene difficulty in sleeping, and memory loss. Studies in animals suggest that
inhalation exposure to benzene results in depressed electrical activity in the
brain, loss of involuntary reflexes and narcosis, decrease in hind-limb grip
strength and tremors, and narcosis, among other symptoms. However,
benzene levels in ambient air near Hanford are far lower than levels
associated with chronic neurological effects and therefore not likely to be of

12concern.

Beryllium & Compounds Known human carcinogen; acute or chronic beryllium disease
(NOS) (inflammatory reaction in the respiratory tract)

Known human carcinogen. Cardiovascular, developmental effects during
periods when organs are developing, gastrointestinal, neurological, renal,
reproductive respiratory. Neurodevelopmental effects have been observed
at lower doses. Impaired performance on neurobehavioral tests were

Cadmium & Compounds observed in the offspring of rats exposed to 0.02 mg/M3 or >0.04 mg/kg-
day. Neurodevelopmental effects including alterations in motor activity
and delays in the development of sensory motor coordination reflexes. An
MRL of 0.01-pg-Cd/m 3 has been derived for chronic-duration inhalation
exposure.13 This is far more than the estimated dispersed concentration of
0.000000184- g/m 3 that could result from proposed Hanford emissions.

Carbon Tetrachloride Probable human carcinogen; reproductive impairment; developmental
effects including fetal growth retardation

Chloroform Probable human carcinogen; reproductive and developmental toxicant;
developmental toxicity involves the GI tract and kidney.

Known human carcinogen. Chronic exposure has been reported to be

Chromium Hexavalent: associated with adverse effects in the respiratory tract, gastrointestinal

Soluble, except Chromic system, eyes and conjunctiva, kidney, hematopoietic and immunological

Trioxide systems. High doses to pregnant experimental animals have been
associated with a range of abnormalities in offspring but not with
neurological deficits.

Dichloromethane Probable human carcinogen; cardiovascular, hepatic, and neurological
effects have been observed. Absence of CNS effects except at high

" http://www.atsdr.cdc.gov/ToxProfiles/tp2.pdf
12 http://www.atsdr.cdc.gov/ToxProfiles/tp3-c2.pdf
13 http://www.atsdr.cdc.gov/ToxProfiles/tp5.pdf
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TAP Emissions That Potential Effects and Hazard Index TargetsExceed SQERs

exposure levels in experimental animals suggests it is not likely to cause
developmental effects or behavioral changes at levels normally encountered
in the environment which, according to research cited by ATSDR, is as low
as 0.17-pg/m3

.1
4 This is far more than the 0.000623-tg/m 3 dispersed

concentration estimate from proposed Hanford emissions.
DMM can cause delayed, permanent brain damage, weakness, impaired
hearing, difficulty walking, personality changes, tremors, and death. DMM

Dimethyl Mercury is readily absorbed through skin. It is an environmental contaminant found
with monomethyl mercury in fish and birds, and throughout the
atmosphere. There is no published RBC.
Development; alimentary system (liver); kidney; endocrine system;
irritation; CNS, Developmental effects have been reported in the offspring
of pregnant animals exposed to ethylbenzene during gestation.

Ethylbenzene Neurodevelopment in offspring of rats exposed to up to 500 ppm (2.2E6 -
pg/M3) ethylbenzene in a two-generation reproductive toxicity study was
not significantly affected statistically or biologically. 2.2E6 -gg/m 3 is far
more than the 0.000079-pg/M3 dispersed concentration estimate from
proposed Hanford emissions.

Hexachlorobutadiene Possible human carcinogen
Hexachloroethane Possible human carcinogen

Manganism (neurotoxicity); tolerable upper intake in pregnant women is

Manganese & Compounds the same as men and non-pregnant women but lower for infants and
children." Exposures in childhood are associated with impaired
neurodevelopment including decrements in intellectual function.

n-Nitrosodiethylamine Probable human carcinogen

n-Nitrosodimethylamine Probable human carcinogen; immune system; no studies regarding
neurological or developmental effects could be located

n-Nitroso-di-n-butylamine Probable human carcinogen
n-Nitrosodi-n-propylamine Probable human carcinogen
n-Nitrosomorpholine Carcinogenicity

mehethylamine Probable human carcinogen

Perchloroethylene Carcinogenicity; mild CNS effects; eye and respiratory tract irritation
Polychlorinated Biphenyls Probable human carcinogen
(PCBs)

Trichloroethylene Carcinogenicity; neurotoxic effects (drowsiness, fatigue, headache) and eye
irritation in workers; developmental toxicity studies are not available

Vinyl Chloride Known human carcinogen; liver cell polymorphism; mild CNS effects; eye
and respiratory irritation; no evidence of developmental toxicity

14 http://www.atsdr.cdc.gov/ToxProfiles/tp14.pdf

" http://www.oehha.ca.gov/air/hot spots/2008/AppendixD l_final.pdf#page=170



Second Tier Review Technical Support Document Page 21 of 34
Hanford Site Tank Farm Ventilation System Upgrades
July 15, 2011

DMM is the only TAP whose concentration will exceed its ASIL. The neurotoxic potential of
DMM is the health hazard that triggers second tier review.

Two other TAPs, hexavalent chromium and n-nitrosodimethylamine, may be emitted at rates that
could result in their concentrations approaching their ASILs, but these toxicants are not known to
be neurotoxic. Because of this, Ecology did not consider them in a neurotoxicity hazard index
with DMM. The modeled concentrations of DMM and all the other potentially neurotoxic TAPs
attributable to Hanford exhaust emissions are far less than their effects concentrations. In the
following sections, Ecology explains its conclusions that the emissions of these TAPs present no
appreciable potential to cause neurotoxicity.

5.2.1. DMM

As shown in Table 3, the estimated maximum 24-hour time-weighted average (TWA) DMM
concentration attributable to Hanford exhaust emissions anywhere beyond the Hanford facility
public assess boundary is likely to be 7.7E-05-pg/m 3. DMM can cause delayed, permanent brain
damage, weakness, impaired hearing, difficulty walking, personality changes, tremors, and
death. The earliest effects of high exposures are symptoms such as paresthesia, blurred vision,
and malaise. Effects at higher doses include deafness, speech difficulties, and constriction of the
visual field. It is an environmental contaminant found with monomethyl mercury (MMM) in
fish and birds. There is no published RBC for DMM; however, there is a reference dose (RfD)
for MMM based on developmental neurologic abnormalities in human infants.

5.2.2. Hexavalent Chromium

As shown in Table 3, the estimated maximum annual average chromium VI concentration
attributable to Hanford exhaust emissions beyond the Hanford boundary is likely to be 5.63E-06-
pg/m3 or less. Chromium VI is a known human carcinogen. Chronic exposure is associated
with adverse effects in the respiratory tract, gastrointestinal tract, eyes and conjunctiva, and
kidneys. Chromium VI exposure is also associated with hematopoietic and immunological
dysfunctions. High doses to pregnant experimental animals have been associated with a range of
abnormalities in offspring but not with neurological deficits. Because exposure to chromium VI
is not associated with abnormal neurodevelopment, and because proposed emissions will not
result in concentrations greater than the effects levels of other forms of toxicity, Ecology did not
evaluate chromium VI further in the subsequent analyses.

5.2.3. N-Nitrosodimethylamine

As shown in Table 3, the estimated maximum annual average n-nitrosodimethylamine
concentration attributable to Hanford exhaust emissions beyond the Hanford boundary is likely
to be 0.000217-pg/M3 or less. N-Nitrosodimethylamine is a probable human carcinogen.
Immunological impairment is associated with exposure to amounts greater than those associated
with significant cancer risk. No studies regarding its potential for neurological or developmental
effects could be located in the scientific literature. However, because n-nitrosodimethylamine is
highly chemically reactive, it is unable to pass through the placenta into fetal circulation. Even if
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it is harmful to the fetal brain, it cannot reach it from the maternal circulation. Accordingly,
Ecology did not evaluate n-nitrosodimethylamine further.

5.3. Environmental Fate

DOE/WRPS reviewed scientific literature on the atmospheric fate of DMM.16 Ecology concurs
with their finding that the lifetime of DMM in the atmosphere ranges from roughly 1 to 100
hours.

A literature search did not yield information on the fate of DMM deposited in terrestrial and
aquatic environmental compartments. Nonetheless, some DMM in the atmosphere must deposit
onto soil, plants, and other objects. DOE/WRPS calculated the amount of Hanford-attributable
atmospheric DMM that would enter plants and soil in the vicinity of the exhausters. " DMM is
not water soluble.

5.4. Exposure Assessment

In order for pollutants to cause harm, people must be exposed. The exposure assessment step of
the HIA involves measuring or estimating concentrations, durations, and frequencies of
exposures to agents present in the environment, and the estimation of hypothetical exposures that
might arise from the release of TAPs into the air outside of space controlled by the permit
applicant. Ambient air is publicly accessible air in the vicinity of a proposed project. To the
practical extent possible, the current exposure assessment characterizes past, current, and
expected TAP exposures.

Inhalation will be the dominant exposure route of humans to Hanford exhaust DMM emissions.
Lesser exposures via ingestion and skin contact will also occur.

5.4.1. Multi-Route Exposures

The following paragraph and Table 5 are from the California OEHHA's Air Toxics Hotspots Risk
Assessment Guidance.'8

Table [4] shows the multipathway substances that, based on available scientific
data, can be considered for each non-inhalation exposure pathway. The exposure
pathways that are evaluated for a substance depend on two factors: 1) whether the
substance is considered a multipathway substance for the Hot Spots Program
(Table 5.1), and 2) what the site-specific conditions are. A multipathway
substance may be excluded from a particular exposure pathway because its
physical-chemical properties can preclude significant exposure via the pathway.

16 RPP-ENV-48231, Rev. 0, Part 5.4 ATMOSPHERIC FATE, p. 28.
17 RPP-ENV-48231, Rev. 0, Part 7.2 ESTIMATION OF EXPOSURE THROUGH INGESTION, pp. 37-38.
18 The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk Assessments, Office of
Environmental Health Hazard Assessment, California Environmental Protection Agency, August 2003.
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For example, some water-soluble chemicals do not appreciably bioaccumulate in
fish; therefore, the fish pathway is not appropriate. In addition, if a particular
exposure pathway is not impacted by the facility or is not present at the receptor
site, then the pathway is not evaluated. For example, if surface waters are not
impacted by the facility, or the water source is impacted but never used for
drinking water, then the drinking water pathway is not evaluated.

Table 5. Specific Pathways to be Analyzed for Each Multi-Pathway Substance

Ingestion Pathway

Substance Meat, Exposed Leafy Protected Root Breast
Dermal Milk & Fish Vegetable Vegetable Vegetable Vegetable Water Milk

soil]Eggs
4,4'-Methylene dianiline X X X X X X X X

Creosotes X X X X X X X

Diethylhexylphthalate X X X X X X X X

Hexachlorocyclohexanes X X X X X X

PAHs X X X X X X X

PCBs X X X X X X X X X X

Cadmium & compounds X X X X X X X X X

Chromium VI & X X X X X X X X Xcompounds
Inorganic arsenic & X X X X X X X X Xcompounds

Beryllium & compounds X X X X X X X X X

Lead & compounds X X X X X X X X X

Mercury & compounds X X X X X X X X

Nickel X X X X X X X X
Fluorides (including To be determined
hydrogen fluoride)

Dioxins& furans X X X X X X X X X

DMM emitted from the exhausters will enter food crops and soil near Hanford in minute
amounts. Ecology requested that DOE/WRPS calculate the amount of Hanford-attributable
atmospheric DMM people could be exposed to via contact and ingestion of plants and soil in the
vicinity of the exhausters. Ecology deemed that quantifying exposures via the dermal route, and
via ingestion of meat, milk, eggs, and water, was very unlikely to yield significant concerns.
Under the circumstances of the Hanford exhausters, inhalation of air and ingestion of vegetables
and soil are the only routes of exposure with significant potential to increase DMM body burden.

5.4.2. Identification of Exposed Populations

To assess exposure to TAPs and ultimately estimate potential health risks to people exposed to
exhauster emissions, DOE/WRPS identified key locations where people might be exposed, and
evaluated population demographic characteristics and land-use zoning in the area around the
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Hanford site. 19 The high level of detail in the information they presented is exemplary.
However, the location of the maximally impacted commercial receptor (MICR) that could
experience highest average DMM concentrations according to AERMOD results was not clearly
disclosed.24

1.0 E-08 p.g/rn'

1.0 E-09 iLg/mA'

5.0 E-10 pg/m3

1.0 E-10 pg/m 3

5.0 E-11 pg/m

Peak Conc

Location

8.5E-08 pg/m3

Figure 5. Modeled peak 24-hour average DMM concentrations in the vicinity of Hanford

(Source: RPP-ENV-48231, Rev. 0)

DOE/WRPS states, "[the] nearest resident is impacted more than the highest commercial
receptor so the resident scenario is assumed to be more conservative."2 Also, "[onsite]

RPP-ENV-48231, Rev. 0, Part 6.0 SENSITIVE POPULATION ANALYSIS, pp. 29-34.
lo RPP-ENV-48231, Rev. 0, Part 2.6 RECEPTORS, pp. 15-16.
- RPP-ENV-48231, Rev. 0, Part 4.3 AIR DISPERSION MODELING, p. 21.
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modeling has been performed to assess worker exposure (RPP-RPT-47978, Atmospheric
Modeling of the Stack Heights for the AP and SY Exhausters, 2010).22

DOE/WRPS identified the dwelling that could experience highest average DMM concentrations
based on AERMOD results. This dwelling is to the west of the exhausters. It is the maximally
impacted residential receptor (MIRR).

DOE/WRPS also identified a location on Highway 240 as the outdoor location, beyond the
controlled access area of the Hanford Site, where simulated DMM concentration maxima could
occur; i.e., the maximally impacted extra-boundary receptor (MIBR).

The MIRR and MIBR attributable to the exhauster DMM emissions are indicated in Figure 5.

5.4.3. Estimates of Exposure Durations of Identified Populations

Neurotoxicity risk from exposure to DMM is estimated by determining the DMM concentration
at each receptor point. These concentrations are divided by the DMM RBC limit. The DMM
RBC is based on preventing significant prenatal exposure, the most vulnerable period. In
addition, a full lifetime of continuous exposure to concentrations at or below the RBC is not
likely to result in neurotoxicity or other deleterious effects.

For this analysis, DOE/WRPS estimated the exposure a person would have if they lived at and
consumed produce grown at the location of maximum DMM concentration along Highway 240
to the south and west of the 241 -SY Tank Farm.2 3 This hypothetical exposure is the highest-
albeit improbable and inconceivable. No one lives at or near that location now nor is anyone
likely to at any time in future years while tank waste treatment and exhauster emissions continue.

5.4.4. TAP Concentration Estimates

To assess exposure to TAPs attributable to the tank farm ventilation systems, DOE/WRPS used
AERMOD to calculate the 1-hour and 24-hour TWA maximum concentrations and the average
annual concentrations for each TAP according to its required TWA duration. The TAP
concentrations were centered in breathing zone air at each of the grid points in the modeling
domain.2 4 The model used emissions rate estimates combined with recent meteorological data.
DOE/WRPS reported estimates of concentrations at the grid points with the highest
concentrations (Table 3).

1 RPP-ENV-48231, Rev. 0, Part 4.3 AIR DISPERSION MODELING, p. 20.
23 RPP-ENV-48231, Rev. 0, Part 7.0 EXPOSURE ESTIMATION, pp. 35-39.
24 RPP-ENV-48231, Rev. 0, Part 4.3 AIR DISPERSION MODELING, pp. 19-21.
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Table 6. Maximum Off-Site DMM Atmospheric Concentrations and Deposition Rates
Attributable to the Tank Farm Exhauster Emissions

24-Hour Peak 24-Hour
Average Peak Annual Deposition

Maximally Impacted (Ig/m 3) (Ig/m3) (pg/m 2 - day)

Extra-boundary location (a point on Hwy 240) 7.7E-8 2.3E-09 1.9E-05

Residence (a dwelling 8.1 miles west of the 241- 2.8E-09 1.OE-06
SY Tank Farm)
Source: DOE/WRPS

Table 6 presents maximum off-site DMM concentrations and deposition rates attributable to
emissions from the exhausters. Ecology verified that the DMM concentrations at the MIBR and
MIRR locations reported by DOE/WRPS were correct and that the given locations of these
receptors agree with AERMOD results.

5.4.4.1. Existing Background Levels

In accordance with WAC 173-460-090(5), Ecology considered background concentrations of
DMM as part of this second tier review. Under anaerobic conditions, inorganic mercury is
transformed into MMM and DMM by certain bacteria species. DMM is probably emitted by
such bacteria from any anaerobic environment. The global geochemical mercury cycle includes
both methylated and inorganic forms of mercury. In bottom sediments of natural waters, bacteria
methylate inorganic mercury ions into MMM and DMM. These methylated forms subsequently
bioaccumulate in aquatic food chains. DMM also evaporates into the atmosphere.2 5

DOE/WRPS reviewed the state of current knowledge on existing levels of DMM as needed for
predicting how much exposure there will be from both existing and proposed emissions. 2 6

As noted in their review, very little research about background atmospheric DMM
concentrations has been published; however, a mean of 0.04 ng/m 3 has been observed in

3 27Antarctica, and a mean of 0.003 ng/m3 has been observed in Seattle, Washington. Municipal
landfills have been identified as an anthropogenic source of atmospheric DMM.

The peak modeled 24-hour DMM concentration attributable to the tank ventilation system is
7.7E-05 ng/m3 . Peak DMM concentrations attributable to the tank ventilation exhauster
emissions are likely to be 39-fold lower than the measured mean background concentration in
Seattle and 519-fold lower than the mean measured background concentration in Antarctica.

Ecology is not aware of any data on background DMM deposition rates or measured
concentrations in plants and soil in the Hanford area.

25 Selin, 2009.
26 RPP-ENV-48231, Rev. 0, Part 5.3 BACKGROUND CONCENTRATIONS, pp. 27-28.
2 RPP-ENV-48231, Part 5.3 BACKGROUND CONCENTRATIONS, pp. 27-28.
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5.5. Exposure-Response Assessment

Exposure-response assessment is the process of characterizing the potential incidence of adverse
health effects in humans resulting from exposure and uptake of toxicants. The process often
involves establishing risk-based toxicity values or criteria to use in assessing potential health risk
from each toxicant. Exposure-response assessment attempts to consider time-changing exposure
magnitudes in whole populations and in theoretically maximally exposed individuals.

5.5.1. Risk-Based Dose Limit for Exposed Populations

The DMM ASIL is not proportional to DMM's toxicity. Emissions of DMM are subject to
second tier review based on a trigger level of one emitted molecule.

There is no risk-based dose published specifically for DMM. There is a paucity of scientific
information concerning the toxicity of this chemical. However, enough information exists to
make an informed estimate of how much DMM people may be exposed to without the likelihood
they will experience neurotoxic effects.

MMM is similar to DMM in its toxic effects. There is no reference concentration (RfC) for
MMM, but it does have a published RfD. The RfD is the oral dose that is believed to be without
harm. The MMM RfD is 1 E-4-mg/kg-day, which is 0.1-ptg/kg-day.28

DMM is not toxic itself. DMM is internally inert until metabolized to a tissue reactive product,
which is most likely MMM. When DMM is absorbed internally, some metabolizes to MMM,
which is toxic. MMM reacts primarily with thiol-containing amino acids and secondarily with
carboxyl and amine containing biomolecules. Brain uptake of MMM is via the blood brain
barrier methionine transporter. The observed uptake of mercury into rat central nervous
system (CNS) from doses of DMM matches the uptake rate observed of mercury in dosed
MMM. 30 This experimental evidence strongly suggests DMM is metabolized to MMM, which
then can enter the brain. Similarly, the observed course of human toxicosis is consistent with
this kinetic pattern.3 1

28 The RfD for MMM is expressed as MMM/body mass-day (IRIS 1995). EPA established an RfD of 0.0001
mg/kg-day (0.0001 milligram of methylmercury per day for each kilogram of a person's body mass) (USEPA,
2002). EPA believes that exposures at or below the RfD are unlikely to be associated with an appreciable risk of
deleterious effects. It is important to note, however, that the RfD does not define an exposure level corresponding to
zero risk; mercury exposure near or below the RfD could pose a very low level of risk that EPA deems
nonappreciable. It is also important to note that the RfD does not define a bright line above which individuals are at
risk of adverse effects (USEPA, 2005).
29 From EPA's 1996 Mercury Report to Congress: "...mediated by the formation of a methylmercurycysteine
complex (Aschner and Aschner 1990; Tanaka et al. 1991, 1992; Kerper et al. 1992). The complex is structurally
similar to methionine and is transported into cells via a widely distributed neutral amino acid carrier protein.
Methylmercury associates with water-soluble molecules (e.g., proteins) or thiol-containing amino acids because of
the high affinity of the methylmercuric cation (CH3Hg) + for the sulfhydryl groups (SH)-. Complexes of
methylmercury with cysteine have been identified in blood, liver and bile of rats (Aschner and Aschner 1990)."
30 Ostlund, 1969.
31 Nierembuerg, et al., 1998.
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The primary exposure route to MMM is through the gastrointestinal (GI) tract; mostly by
consumption of contaminated fish and shellfish. 2 About 95 percent of MMM in ingested food
is absorbed from the GI by adult humans.33 Therefore, 95 percent of 0.1 -pg/kg-day is the
tolerable internal dose of MMM.

Tolerable internal dose of MMM = 0.95 x 0.1 -pg/kg-day = 0.095-ttg/kg-day

There is no information available about how much absorbed DMM is metabolized to MMM by
humans after a single dose, much less in a continuous long-term exposure. If all the DMM
absorbed was metabolized to MMM, the RfD for DMM would be 100 percent of the tolerable
internal dose (TID) of MMM adjusted for the difference in molecular weights. The MMM
molecular weight is 215.63; the DMM molecular weight is 230.66. Thus, the molecular weight
ratio is:

DMM MW +MMM MW = 1.0697

The TID of DMM equivalent to the TID of MMM is:

0.1016-ptg/kg-day = 0.095-pg/kg-day x 1.0697

The internal dose of DMM for a person weighing 67-kg34 is:

6.809-pig DMM/day = 0.1016-pig/kg-day x 67-kg

Developing fetuses are more sensitive to the neurotoxic effects of MMM than at any other life
stage. The EPA/NRC's RfC derivation literature and the ATSDR 35 literature review concluded
the developing nervous system is the most vulnerable tissue 3 6 and the fetal life stage is the most
sensitive period for nervous system effects. The MMM RfD is intended to protect the fetal
subpopulation from neurotoxicity, but neurotoxic effects can occur due to exposure at any time
in life. The National Research Council (NRC) recommended a RfD of 0.1-pg/kg-day to protect
pregnant women and developing fetuses. In developing the RfD, the NRC applied uncertainty
factors of three each to pharmacokinetic variability and uncertainty, and to pharmacodynamic
variability and uncertainty. They used a factor of 10, in total, to derive the RfD.Y

32 The primary route by which the U.S. population is exposed to MMM is through the consumption of fish. The
exposure levels at which neurological effects have been observed in children can occur through maternal
consumption of fish. U.S. Environmental Protection Agency, Integrated Risk Information System (IRIS),
Methylmercury, 2002. U.S. Environmental Protection Agency, Office of Research and Development, National
Center for Environmental Assessment, http://www.epa.gov/iris/ subst/0073.htm.
33 John B. Sullivan, Jr. and Gary R. Krieger (eds.), Clinical Environmental Health and Toxic Exposures, 2d ed.,
Lippincott, Williams & Wilkins, Philadelphia, 2001.
3 The EPA/NRC used 67 kg as the weight of a pregnant woman for setting the MMM RfD.
3 http://www.atsdr.cdc.gov/toxprofiles/tp46.pdf 6/15/2011
36 Cardiovascular, kidney, immune and reproductive systems impairments have also been observed at higher MMM
doses.
37 EPA, IRIS, http://www.epa.gov/iris/subst/0073.htm, 2001.
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The total DMM dose limit used by DOE/WRPS was 0.1-ptg/kg body weight per day. This is less
than (and more protective of health than) the tolerable internal DMM dose derived by Ecology of
0.1016-gg/kg-day.

5.6. Risk Characterization

In the risk characterization, conclusions about hazards and exposure responses are integrated
with the exposure assessment conclusions. Health hazards are quantified and attempts are made
to estimate increased likelihoods of these effects in populations exposed to anticipated TAP
emissions. In addition, confidence about these conclusions, including information about the
uncertainties associated with each aspect of the assessment, is highlighted.

5.6.1. Hazard Quotient for Total DMM Dose

To determine if the tank farm ventilation system emissions will pose a significant toxicity risk,
DOE/WRPS calculated the HQ for the TAP that exceeded its ASIL (DMM). DOE/WRPS used
the RfD recommended for MMM, 0.1 ptg/kg body weight per day3 8 with an estimate of the 30-
year exposure total dose, 6.9E-07 pig/kg body weight per day. The resulting HQ was 6.9E-06.
DOE/WRPS also estimated the 70-year exposure total dose of 6.9E-08 pig/kg body weight per
day. The resulting HQ was 6.9E-07.3 9

Neurotoxicity HQs in both the 30-year and the 70-year DMM exposure scenarios are far less
than one. This indicates there is no neurotoxicity hazard posed by DMM emissions from the
tank farm ventilation system upgrades to people in the vicinity of the Hanford facility in public
access areas.

5.7. Uncertainty Characterization

Uncertainty may be defined as imperfect knowledge concerning the present and future conditions
of a system under consideration. In risk assessments undertaken in support of regulatory
decisions, many uncertainties are encountered. Knowledge of these uncertainties allows us to
assess the strength of decisions.

Evaluating potential impacts of the project involves several key elements including emission rate
assumptions, air dispersion and chemical fate modeling, estimates of resulting environmental
concentrations, exposure modeling to estimate received doses, and exposure-response
relationships to estimate the possibilities of different types of health impacts. Each of these
elements is encumbered by uncertain science and measurement variability that prevent absolute
confidence in predictions about adverse health impacts of this project.

38 NRC, 2000.
39 RPP-ENV-4823 1, Part 7.3 ESTIMATION OF TOTAL EXPOSURE, p. 39.
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DOE/WRPS evaluated uncertainties in the assessment.4 0 To the extent that people may be
exposed to DMM emissions from the tank ventilation systems, and despite the uncertainties in
concentration estimates, exposure estimates, and neurotoxicity hazard, the potential health risk
appears to be acceptable. Quantitative assessments of the effects of tanks ventilation systems
emission impacts on human health cannot be made with greater confidence. As in any risk
assessment, the current risk assessment involves circumstances of incomplete scientific
information. Overall risk uncertainties are summarized in Table 7. The largest sources of
uncertainty and variability are:

Table 7. Summary of how the Uncertainty Affects the Quantitative Estimate of Risks or
Hazards

Source of Uncertainty How Does it Affect Estimated Risk From This Project?

Emissions estimates Likely to overestimate risk

Concentration modeling Likely to overestimate risk

Exposure assumptions Likely to overestimate risk

Toxicity of DMM at low dose Possible overestimate of neurotoxic potency

5.7.1. Emissions Uncertainty and Variability

Emissions uncertainty includes measurement uncertainty and process variability. The emissions
factors used to estimate emission rates from the proposed tank ventilation system upgrades are
estimates based on concentrations measured in tank headspaces. It was assumed that the three
tank farms had DMM at the highest concentration found in all of the tanks, but only 10 tanks
have been found to have DMM. Also, the assumption that the DSTs will be mixed for the entire
year is probably an exaggeration. They are not likely to be mixed nearly that much, so the
continuous-mixing assumption will tend to overestimate the emissions and consequent
exposures.

5.7.2. TAP Concentration Modeling Uncertainty

TAP concentration modeling uncertainty results from uncertainties about future meteorology,
and the measurement variability and applicability of past meteorological conditions of the air
data used for the current analyses. Additionally, TAP concentrations uncertainty arises from
uncertainty in the precision and accuracy of the air pollutant dispersion model used-EPA's
AERMOD and its associated pre- and post-processors. Therefore, the results of TAP
concentration modeling are just as likely to be underestimates as to overestimates, given an
accurate mission rate.

4RPP-ENV-48231, Part 9.0 UNCERTAINTY, pp. 41-42 explains some of the very conservative assumptions used
in the DOE/WRPS's assessment.
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5.7.3. Background TAP Concentration Estimates Uncertainties

Background TAP concentration uncertainty results from the apparent discrepancy between
reported concentrations of DMM in Seattle relative to Antarctic air. Counter-intuitively, the
monitored levels in Seattle were much lower than in Antarctica. This casts doubt on the validity
of the reports of background DMM concentrations. The reports may be underestimates or
overestimates of actual concentrations.

5.7.4. Exposure Uncertainty

Exposure uncertainty results from potential inaccuracies of assumptions about the time people
will spend in various locations.

DOE/WRPS assumed a continuous exposure for a hypothetical resident at the location along
Highway 240 where the maximum DMM concentration is most likely to occur. They assumed
this resident would routinely consume homegrown produce, and would occupy the location for
30 or 70 years. The need to ensure that uncertainty and variability are addressed is met by
ensuring that the maximal exposures are not underestimated. However, this level of exposure
overestimates what will occur in all probability. It is difficult to assess the length of time that
people will be exposed to DMM emissions.

In addition, a soil half-life of DMM estimate is not available. Therefore, DOE/WRPS used the
value for inorganic mercury. This most likely overestimates the soil elimination constant, and
yields unrealistically longer DMM persistence. Conversely, the plant uptake factor DOE/WRPS
used was based on a soil concentration derived from octanol-water partition and soil organic
carbon coefficients for inorganic mercury not for DMM. This likely underestimated the root
uptake factor for leafy vegetables. The coefficients from DMM were not available in scientific
literature.

5.7.5. Toxicity Uncertainty

Toxicity uncertainty results from potential inaccuracies in the RBC used in the risk
characterization. In general, RBCs are based on inherently variable experimental toxicology and
epidemiological studies. In the process of developing RBCs, there are uncertainties in the
assumptions used to extrapolate these data, especially for chemicals with little or no human
exposure-response data. Many RBCs are based on animal studies at high levels of exposure.

DOE/WRPS's characterization of potential neurotoxicity risk involved comparisons of possible
exposures to the RBC for MMM under the assumption that its potency is equal to that of DMM.
Available evidence suggests DMM is slightly less toxic than MMM, but the data needed to
confirm or refute this assumption are nearly nonexistent. The risk-based dose for prevention of
neurotoxicity by DMM might be significantly different from the value used in this assessment.
Ecology acknowledges this uncertainty but, based on what we do know, exhauster-attributable
DMM exposures for humans, including fetuses, are unlikely to result in appreciable risk.
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6. CONCLUSION

Treatment of the tank wastes at Hanford is a net benefit to the health of the people in the
surrounding communities now and in future generations. The proposed tank transfer ventilation
exhausters will be designed with emission controls that are capable of removing nearly all
entrained air pollutants. The emissions of DMM necessitated by waste treatment are
inconsequential. People at existing nearby residences are very unlikely to suffer adverse health
effects from the emissions.

On the basis of Ecology's review of scientific literature, a long-term continuous exposure to
DMM that would result in a total daily internal dose of 0.1016-ig/kg-day would pose as little
hazard to humans as would the same duration exposure to MMM at its RfD. The RfD was
derived from data on mother MMM exposures and consequent neurological deficits in their
children by the NRC. The NRC recommended a RfD for MMM of 0.1 pig/kg body weight per
day to protect the most sensitive populations, which are developing fetuses.

The relevance of the MMM RfD to DMM is plausible. Once DMM has been absorbed into the
body and metabolically demethylated to MMM, its apparent toxic effects are the same as those
of MMM. MMM and DMM damage is almost exclusively limited to the nervous system. In
human adults, the damage is selective to certain areas of the brain associated with sensory and
coordination functions, particularly neurons in the visual cortex and granule cells of the
cerebellum. DMM itself is apparently biologically inert but readily absorbed by the body.
Following absorption of DMM into the body, most is exhaled; however, some DMM is
metabolized to MMM before it can be exhaled.

MMM is the neurotoxic metabolite. Research using mice suggests DMM is readily metabolized
to MMM by the placenta and/or by fetuses. Fetuses are more sensitive to MMM than animals at
other life stages. Thus, limitation of exposure to pregnant women is of the highest importance.

Currently, there is no numerically defined acceptable limit of noncancer adverse health risks in
Chapter 173-460 WAC. However, the amount of increased neurological impairment risk due to
the new exhausters is far less than the HQ of one, which indicates that adverse health effects are
unlikely to occur as a result of the project.

Based on the above analysis, the increased risks from the proposed project, as a result of
exhauster DMM emissions, are permissible because they fall within the limits defined in WAC
173-460-090(7). Provided the exhausters are operated as described in the second tier petition
and the NOC application, and health risks are evaluated if any significant increase in DMM or
other TAP emissions come to light, the additional health hazards attributable to tank ventilation
system upgrades are permissible under Chapter 173-460 WAC. The project review team
recommends approval of the proposed project in accordance with WAC 173-460-090(7).
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7. LIST OF ACRONYMS AND ABBREVIATIONS

AERMOD

ASIL

ATSDR

BACT

C

CASRN

Conc.

CAir

DMM

DOE

DST

Ecology

EPA

HIA

HQ

hr

Max.

MIBR

MICR

pg/m 3

MIRR

MMM

NOC

NRC

NWS

PSD

RBC

RfC

RfD

RFO

Air dispersion model

Acceptable Source Impact Level

Agency for Toxic Substances and Diseases Registry

Best Available Control Technology

Celsius

Chemical Abstract Service Registry Number

Concentration

Concentration in air

Dimethyl mercury

United States Department of Energy

Double-Shell Tank

Washington State Department of Ecology

United States Environmental Protection Agency

Health Impact Assessment

Hazard Quotient

Hour(s)

Maximum

Maximally Impacted Boundary Receptor

Maximally Impacted Commercial Receptor

Micrograms per Cubic Meter

Maximally Impacted Residential Receptor

Monomethyl Mercury

Notice of Construction Order of Approval

National Research Council

National Weather Service

Prevention of Significant Deterioration

Risk-Based Concentration

Reference Concentration

Reference Dose

Washington State Department of Ecology-Richland Field Office
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SQER Small Quantity Emission Rate

TAP Toxic Air Pollutant

tBACT Best Available Control Technology for Toxics

TWA Time-weighted Average

UF Uncertainty Factor

WAC Washington Administrative Code

WFD Waste Feed Delivery

WTP Waste Treatment and Immobilization Plant

WRPS Washington River Protection Solutions, LLC

y or yr Year(s)





U.S. Department of Energy

P.O. Box 450, MSIN H6-60
Richland, Washington 99352

APR 2 7 2011

1 1-ESQ-091

Ms. Jane A. Hedges, Program Manager
Nuclear Waste Program
Washington State
Department of Ecology
3100 Port of Benton Blvd.
Richland, Washington 99354

Dear Ms. Hedges:

DETERMINATION OF INCOMPLETE APPLICATION, TANK VENTILATION UPGRADES

Reference: Ecology letter from D. Hendrickson to J. A. Dowell, ORP, "Determination of
Incomplete Application, Tank Ventilation Upgrades," 11 -NWP-0 14, dated
March 17, 2011.

On February 17, 2011, the U.S. Department of Energy (DOE), Office of River Protection (ORP)
submitted a Notice of Construction (NOC) application - "Criteria and Toxics Air Emissions
Notice of Construction for the Operation of the 241-AP, 241-SY, and 241-AY/AZ Tank Farm
Ventilation System Upgrades, Second Tier Review Petition for the Operation of the 241 -SY,
241-AP, and 241-AY/AZ Tank Farm Ventilation System Upgrades, Health Impact Assessment
Completeness Checklist."

On March 17, 2011, the Washington State Department of Ecology (Ecology) requested
clarification and correction of emission estimates for Appendix Tables A-I and A-2 of the DOE
submittal. In your letter, Ecology requested that raw data used in the development of emissions
estimated, be provided so that they could more clearly identify project emissions.

The raw data has been incorporated into the Tables (attached), and Washington River Protection
Solutions LLC is requesting that ORP transmit the revised Appendix A to Criteria and Toxics
Air Emissions NOC for the Operation of the 241-AP, 241 -SY, and 241-AY/AZ Tank Farm
Ventilation System Upgrades (attached) to Ecology for your approval. The changes to the tables
were reviewed by Mr. Doug Hendrickson of Ecology. At the request of Mr. Hendrickson, the
revised tables were provided electronically on March 31, 2011. This letter provides a formal
record of that transmittal.



Ms. Jane A. Hedges
ll-ESQ-091

-2-
2 7 2oj

If you have any questions, please contact me, or your staff may contact Dennis W. Bowser,
Office of Environmental Safety and Quality, (509) 373-2566.

Sincerely,

ESQ:DWB
Stacy Charboneau, Acting Manager
Office of River Protection

Attachment

cc w/attach:
0. S. Wang, Ecology
R. H. Anderson, MSA
F. R. Miera, WRPS
Administrative Record
Environmental Portal, LMSI
WRPS Correspondence

cc w/o attach:
B. G. Erlandson, BNI
J. A. Bates, CIPRC
J. Cox, CTUIR
S. Harris, CTUIR
K. A. Conaway, Ecology
S. L. Dahl, Ecology
S. L. Derrick, Ecology
D. Bartus, EPA (Region 10, Seattle)
D. Zhen, EPA (Region 10, Seattle)
K. A. Peterson, MSA
P. C. Miller, North Wind
G. Bolnee, NPT
K. Niles, Oregon Energy
D. E. Jackson, RL
J. Martell, WDOH
J. W. Donnelly, WRPS
L. L. Penn, WRPS
J. A. Voogd, WRPS
R. Jim, YN

NAY 02 2

COPY FR YOUR
INFORMATION
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Revised Appendix A Estimated Emissions for the
Upgraded DST Tank Farm Ventilation System



APPENDLX A

ESTIMATED EMISSIONS FOR THE UPGRADED DST TANK FARM VENTILATION
SYSTEM

Table A-1. Criteria pollutants emission rates and comparison to de minimis levels.

Chemical CAS # Averaging Emission Emission De Above De
Period Rate (g/s) Rate Minimis Minimis

(Ibs/yr) (lbs/yr)

Nitrogen oxides 10102-44-0 Year 1.10E-01 7,630 4,000 Yes
VOCs Year 2.90E-0 1 20,132 4,000 Yes
SOx (Sulfur 7446-09-05 Year 2.43E-04 17 4,000 No

-oxides)_______ _______ ____ ___

Lead 7439-92-1 Year 6.55E-05 5 10 No
Carbon monoxide 630-08-0 Year 3.73E-02 2,592 10,000 No



APPENDIX A

ESTIMATED EMISSIONS FOR THE UPGRADED DST TANK FARM VENTILATION SYSTEM

Table A-2. Toxic air pollutant emission rates and comparison to the WAC 173-460-150 de minimis, SQER, and ASIL levels.

Emissions De Above
Minimis De SQER Above Dispersed

Av. (lbs/ avg Minimis (lbs/avg SQER Conc. ASIL Above
Chemical Name CAS #lPeriod ( )bs/24- period) ? period) ? (p1g/m

3) (gg/m 3 ) ASIL?
(/) (lbs/hr) hr) (Obs/yr)

Ethvlbenzene 10041-4 Year 1.411-03 - - 98,1 3.84 Yes 76.8 Yes 7.90E-05 0.4 No

Styrene 100-42-5 24-hr 4.62E-04 - 0.088 - 5.91 No 118 No 8.79E-04 900 No

Benzyl Chloride 100-44-7 Year 1.34E-05 - - 0.932 0.196 Yes 3.91 No 7.51E-07 0.0204 No

Nitrogen dioxide 10102-44-0 1-hr 5.51E-02 0,438 - - 0.457 No 1.03 No 9.37E-01 470 No

n-Nitroso-n-methylethylarmine 10595-95-6 Year 1.94E-06 - - 0,135 0.00153 Yes 0.0305 Yes 1.09E-07 0,000159 No

p-Xylene 106-42-3 24-hr 1.63E-03 - 0.310 - 1.45 No 29 No 3.09E-03 221 No

1,4-Dichlorobenzene 106-46-7 Year 6,21E-05 - - 4.32 0.872 Yes 17.4 No 3.48E-06 0.0909 No

1,2-Epoxybutane 106-88-7 24-hr 4.04E-05 - 0.00769 - 0.131 No 2.63 No 7.67E-05 20 No

1.2-Dibromoethane 106-93-4 Year 7.97E-05 - - 5.54 0.135 Yes 2.71 Yes 4.46E-06 0.0141 No

1,3-Butadiene 106-99-0 Year 1.99E-04 - - 13.9 0,0564 Yes 1.13 Yes 1.12E-05 0.00588 No

Acrolein 107-02-8 24-hr 2.98E-06 - 0.000568 - 0.000394 Yes 0.00789 No 5.66E-06 0.06 No

Allyl Chloride 107-05-1 Year 1.021-05 - - 0,709 1.6 No 32 No 5.71E-07 0.167 No

1,2-Dichloroethane 107-06-2 Year 1.63E-03 - - 113.20 0.369 Yes 7.39 Yes 9.12E-05 0.0385 No

Acrvlonitrile 107-13-1M Year 1.23E-05 - - 0.856 0.0331 Yes 0.662 Yes 6.90E-07 0.00345 No

Vinyl acetate 108-05-4 24-hr 4.48E-07 - 8.53E-05 - 1.31 No 26.3 No 8.51E-07 200 No

Methyl lsobutyl Ketone 108-10-I 24-hr 2.77&03 - 0.527 - 19.7 No 394 No 5.26E-03 3000 No

m-Xylene 108-38-3M 24-hr 9.42E-04 - 0.179 - 1.45 No 29 No 1.79E-03 221 No

3-Methylphenol 108-39-4 24-hr 4.74E-06 - 0,00090 - 3.94 No 78.9 No 9,01-06 600 No

Toluene 108-88-3 24-hr 4.09E-02 - 7.78 - 32.9 No 657 No 7.76E-02 5000 No

Chlorobenzene 108-90-7 24-hr 4.99E-04 - 0.095 - 6.57 No 131 No 9.49E-04 1000 No

Phenol 108-95-2 24-hr . 8.14E-03 - 1.55 - 1.31 Yes 26.3 No 1.55E-02 200 No

n-Hexane 110-54-3 24-hr 5.16E-03 - 0.98 - 4.6 No 92 No 9,81&03 700 No

Cyclohexane 110-82-7 24-hr 1.58E-03 - 0.301 - 39.4 No 789 No 3.01E-03 6001 No



APPENDIX A

ESTIMATED EMISSIONS FOR THE UPGRADED DST TANK FARM VENTILATION SYSTEM

Emissions De Above
Miuimis De SQER Above Dispersed

Avg. (lbs/ avg (lbs/avg SQER Cone. ASIL Above
Chemical(g/s) (lbs/hr) h (bs/vr) period) period) ? (pg/ 3) (pg/m) ASIL?

Ethylene glycol monobutyl ether 111-76-2 24-hr 1.52E-04 - 0.029 - 85.4 No 1710 No 2.882-04 13000 No
Propylene 115-07-1 24-hr 3.93E-03 - 0.748 - 19.7 No 394 No 7.46E-03 3000 No
Di(2-ethylhexyl)phthalate 117-81-7 Year 7.46E-07 - - 0.0518 0.4 No 8 No 4,18E-08 0,0417 No

1,4-Dioxane 123-91-1 Year 7.02E-04 - - 48.8 1.25 Yes 24.9 Yes 3.93E.05 0.13 No

Perchloroethylene 127-18-4 Year 1.62E-03 - - 112.4 1.62 Yes 32.4 Yes 9.06E-05 0.169 No
Vanadium Pentoxide 1314-62-1 1-hr 1.17E-04 000093 - - 0.00329 No 0.0657 No 1.99E-03 30 No
Polychlorinated Biphenyls
(PCBs) 1336-36-3 Year 2.04E-05 - - 1.415 0.0168 Yes 0.336 Yes 1.14E-06 0.00175 No

Trans-1.2-dichloroethene 156-60-5 24-hr 1.19E-07 - 2.27E-05 - 5.3 No 106 No 2.27E-07 807 No

Butylated hydroxyanisole 25013-16-5 Year 1.42E-06 - - 0.0989 168 No 3360 No 7.97E-08 17.5 No

Formaldehyde 50-00-0 Year 2.35E-05 - - 1.64 1,6 Yes 32 No 1.32E-06 0.167 No

n-Nitrosodiethvlamine 55-18-5 Year 1.94E-06 - - 0.135 0.000959 Yes 0.0192 Yes 1.09E-07 0.0001 No

Carbon Tetrachloride 56-23-5 Year 1,64-03 - - 114.0 0.228 Yes 4.57 Yes 9.18E-05 0.0238 No

1,1-Dimethylhydrazine 57-14-7 24-hr 1.74E-06 - 0.000332 - 0.00329 No 0.0657 No 3.31E-06 0,5 No
Propylene Glycol 57-55-6 24-hr 2.25]-04 - 0.0429 - 0.187 No 3.75 No 4.28E-04 28.5 No

n-Nitrosomorpholine 59-89-2 Year 8.96E-06 - _- 0.623 0.00505 Yes 0.101 Yes 5.01 E-07 0.000526 No

Dirnethyl Mercury 593-74-8 24-hr 4.12E-08 - 7.85E-06 - 1-99 Yes IE-99 Yes 7.83E-08 IE-99 Yes
Acetamide 60-35-5 Year 6.05E-06 - - 0.421 0.48 No 9.59 No 3.39E-07 0.05 No
n-Nitrosodimethylarnine 62-75-9 Year 2.65-03 - - 184 0.00208 Yes 0.0416 Yes 1.48E-04 0.000217 No
n-Nitrosodi-n-propylamine 621-64-7 Year 1.94E-06 - - 0.135 0.0048 Yes 0.0959 Yes 1.09E-07 0.0005 No
Methyl Isocyanate 624-83-9 24-hr 1.77E-06 - 0.000337 - 0.00657 No 0,131 No 3,36E-06 1 No
Carbon monoxide 630-08-0 1-hr 3.73E-02 0.296 - - 1.14 No 50.4 No 6.34301 23000 No

Methyl Alcohol 67-56-1 24-hr 7.11E-02 - 13.5 - 26.3 No 526 No 1.35E-01 4000 No
Isopropyl Alcohol 67-63-0 1-hr 3.37E-03 0.0268 - - 0.35 No 7,01 No 5.74E-02 3200 No

Chloroform 67-66-3 Year 1.642-03 - - 114.0 0.417 Yes 8.35 Yes 9.1SE-05 0.0435 No

Hexachloroethane 67-72-1 Year 1.682-03 - - 117.0 0.872 Yes 17.4 Yes 9.42-05 0.0909 No
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ESTIMATED EMISSIONS FOR THE UPGRADED DST TANK FARM VENTILATION SYSTEM

Emissions De Above
Minimis De SQER Above Dispersed

Avg. (Ibs/avg Minimis (lbs/avg SQER Conc. ASIL Above
Chemical Name CAS # Period (Ibs/24- peri) ? (Mg/im) (SRg/m3) ASIL?

(g/s) (lbs/hr) hr) (lbs/yr) period)

Benzene 71-43-2 Year 1.63E-03 - - 113.2 0.331 Yes 6.62 Yes 9.12E-05 0.0345 No

1,1,1-Trichloroethane 71-55-6 24-hr 6.74-05 - 00128 - 6.57 No 131 No 1.28E-04 1000 No

Methyl Bromide 74-83-9 24-hr 6.42-05 - 0.0122 - 0.0629 No 0.657 No 1.22-04 5 No

Methyl Chloride 74-87-3 24-hr 2.24E-04 - 0,0426 - 0.591 No 11.8 No 4.25E-04 90 No

Hydrogen Cyanide 74-90-8 24-hr 5.69E-06 - 0.00108 - 0.0591 No 1.18 No 1.08-05 9 No

Lead and compounds (NOS) 7439-92-1 Year 6.55-05 - - 4.56 10 No 16 No 3.67E-06 0.0233 No

Manganese & Compounds 7439-96-5 24-hr 6.55-05 - 0.0125 - 0.000263 Yes 0.00526 Yes 1.25E-04 0.04 No

Mercury, Elemental 7439-97-6 24-hr 1.99E-05 - 0.00378 - 0.000591 Yes 0.0118 No 3.772-05 0.09 No
Arsenic & Inorganic Arsenic
Compounds 7440-38-2 Year 6.55E-05 - - 4.56 0.00291 Yes 0,0581 Yes 3.67E-06 0.000303 No

Beryllium & Compounds (NOS) 7440-41-7 Year 3.28&06 - - 0.228 0.004 Yes 0.08 Yes 1.84E-07 0.000417 No

Cadmium & Compounds 7440-43-9 Year 3.28E-05 - - 2.28 0.00228 Yes 0.0457 Yes 1.84E-06 0.000238 No
Chromium Hexavalent: Soluble,
except Chromic Trioxide 7440-47-3 Year 1.00E-04 - - 6.98 0.000064 Yes 0.00128 Yes 5.63E-06 6,67&06 No

Cobalt 7440-48-4 24-hr 6.55E-05 - - 0.0125 - 0.000657 Yes 0.013 No 1.25E-04 0.1 No

Copper & Compounds 7440-50-8 1-hr 3.28E-05 0.000261 - - 0.011 No 0.219 No 5.58-04 100 No

Sulfur dioxide 7446-09-05 1-hr 2.43E-04 0.00193 - - 0.457 No 1.45 No 4.13E-03 660 No

Ethyl Chloride 75-00-3 24-hr 2.872-04 - 0.0546 - 197 No 3940 No 5.44&04 30000 No

Vinyl Chloride 75-01-4 Year 1.64E-03 - - 114.0 0.123 Yes 2.46 Yes 9.182-05 0.0128 No

Acetonitrile 75-05-8 Year 3.83E-03 - - 266 576 No 11500 No 2.14F,04 60 No

Acetaldehyde 75-07-0 Year 4.10-03 - - 285 3.55 Yes 71 Yes 2.302-04 0.37 No

Dichloromethane 75-09-2 Year 1.11E-02 - - 773 9.59 Yes 192 Yes 6.23E-04 I No

Carbon disulfide 75-15-0 24-hr 4.01 E-04 - 0.0763 - 5,26 No 105 No 7.61E-04 800 No

Ethylene oxide 75-21-8 Year 7.73E.06 - - 0.538 0,109 Yes 2.19 No 4.33E-07 0.0114 No

Bromoform 75-25-2 Year 8.76E-06 - - 0.609 8.72 No 174 No 4.91E-07 0.909 No

1,1-Dichloroethane 75-34-3 Year 2.72E-05 - - 1.89 6 No 120 No 1.522-06 0.625 No

1,1-Dichloroethylene 75-35-4 24-hr 3.13-03 - 0.595 1.31 No 26.3 No 5,941-03 200 No



APPENDIX A

ESTIMATED EMISSIONS FOR THE UPGRADED DST TANK FARM VENTILATION SYSTEM

Emissions De Above
Minimis De SQER Above Dispersed

Ave. (lbs/ avg Minimis (lbs/avg SQER Conc. ASIL Above
ChemicalName CAS# Period ((Ibshr) ibs/24- (Ibs/vr) period) ? period) ? (g/rn) (pjg/m) ASIL?

Chlorodifluoromethane 75-45-6 24-hr 9.98E-04 . 0.190 - 328 No 6570' No 1.90E-03 50000 No
1-Chloro-1,1-difluoroethane 75-68-3 24-hr 1OSE-03 - 0206 - 329 No 6570 No 2.06E-03 50000 No
Ammonia 7664-41-7 24-hr 1.00E-00 - 191 - 0.465 Yes 9.31 Yes 1.90E-00 70.8 No
Selenium & Selenium
Compounds (other than Hydrogen
Selenide) 7782-49-2 24-hr 5,70E-06 - 0.00109 - 0.131 No 2.63 No LOSE-05 20 No
12-Dichloropropane 78-87-5 Year 4,78E-05 - - 3.32 0.959 Yes 19.2 No 2.68E-06 0.1 No
Methyl Ethyl Ketone 78-93-3 24-hr 9.59E-03 - 1.83 - 329 No 657 No 1.821-02 5000 No
1,1,2-Trichloroethane 79-00-5 Year 5.92&04 - - 41.1 0.6 Yes 12 Yes 3.31E-05 0.0625 No
Trichloroethylene 79-01-6 Year I.63E-03 - - 113.2 4.8 Yes 95.9 Yes 9.12E-05 0.5 No
Acrylic Acid 79-10-7 24-hr 6,1E-04 - 0.124 - 0.00657 Yes 0.131 No 1.24E-03 I No
1,1,2,2-Tetrachloroethane 79-34-5 Year 7.45E-04 - - 51.8 0.165 Yes 3.3 Yes 4.17E-05 0.0172 No
2-Nitropropane 79-46-9M 24-hr 1.91E-04 - 0.0365 - 0.131 No 2.63 No 3.64E-04 20 No
Hexachlorobutadiene 87-68-3 Year 1.16E-03 - - 80.8 0.437 Yes 8.73 Yes 6.50E-05 0.0455 No
Naphthalene 91-20-3M - Year 1.30E-05 - - 0.903 0.282 Yes 5.64 No 7.28E-07 0.0294 No
n-Nitroso-di-n-butylamine 924-16-3 Year 1.94E-06 - - 0.135 0.0031 Yes 0.062 Yes 1.09E,07 0.000323 No
n-Nitrosopyrrolidine 930-55-2 Year 1,94E-06 - - 0.135 0.016 Yes 0.32 No 1 .09E-07 0.00167 No
o-Xylene 95-47-6 24-hr 1.61--03 - 0.306 - 1.45 No 29 No 3.05E-03 221 No
2-Methylphenol 95-48-7M 24-hr 2.85E-05 - 0.00542 - 3.94 No 78.9 No 5.41E-05 600 No
Cumene 98-82-8 24-hr 7.03&05 - 0,0134 - 2,63 No 52.6 No 1.34E-04 400 No
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March 17, 2011 11-NWP-014

Mr. Jonathan A. Dowell, Acting Manager
Office of River Protection
United States Department of Energy
P.O. Box 450, MSIN: H6-60
Richland, Washington 99352

Re: Determination of Incomplete Application, Tank Ventilation Upgrades

Reference: USDOE-ORP Letter 11 -ESQ-017, Submittal ofHanford Facility Criteria and Toxics

Notice of Construction (NOC) for the Operation of the 241-AP, 241-SY, and

241-A Y/AZ Tank Farm Ventilation System Upgrades and Second Tier Revieu'

Petition for the Operation of the 241-AP, 241-SY, and 241-A Y/AZ Tank Farm

Ventilation System Upgrade, dated February 17, 2011

Dear Mr. Dowell:

On behalf of the United States Department of Energy, Office of River Protection, you petitioned

for approval of a Notice of Construction to install and operate tank waste management (mixing)

equipment and upgraded ventilation systems (Reference). The Department of Ecology (Ecology)

has determined that your application is presently incomplete.

Provisions of the Washington Administrative Code (WAC) 173-400-110(6) require that we

advise you of aspects of your application which are incomplete so that you may be able to fulfill

informational requirements necessary to continue your permit processing.

Specific information required to complete your permit application is clarification and correction

of the emission estimates and emission consequences in your application. Your emission

estimate appendix (Appendix A) develops a scalar factor for emissions based upon a set of tank

head space pollutant concentrations and your operations projections. You handled the scalar

propagation of emissions in grams per second (g/s) to pounds per unit time for ammonia

differently than all other toxic air pollutant (TAP) species. This data manipulation, without

provision of the raw data sources applied in the development of emissions as termed in g/s for

the sum of the thirteen tanks in the project, results in our inability to clearly identify your project

emissions.



Mr. Jonathan A. Dowell
March 17, 2011
Page 2

For this reason, and for the purposes of section 140 of WAC 173-455, Air Quality Fee
Regulation, you must correct and submit the emission estimates and dispersed concentrations of
each of the air pollutants, as detailed in Appendix Tables A-I and A-2 to complete your
application.

If you have any questions, contact me at 509-372-7983.

Sincerely,

Doug Hendrickson, P.E.
Lead Air Engineer
Nuclear Waste Program

dh/jvs

cc: Dennis Bowser, USDOE
David Ogulei, ECY
Robert H. Anderson, MSA
Felix Micra, WRPS
Stuart Harris, CTUIR
Gabriel Bohnee, NPT
Russell Jim, YN
Susan Leckband, HAB
Ken Niles, ODOE
John Martell, WDOH
Administrative Record: AIR Permits
Environmental Portal
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l -ESQ-017

Ms. Jane A. Hedges, Program Manager
Nuclear Waste Program
Washington State
Department of Ecology
3100 Port of Benton Blvd.
Richland, Washington 99352

Mr. D. Ogulei
Air Quality Program
Washington State
Department of Ecology
P.O. Box 47600
Olympia, Washington 98504

Addressees:

SUBMITTAL OF HANFORD FACILITY CRITERIA AND TOXICS AIR EMISSIONS
NOTICE OF CONSTRUCTION (NOC) FOR THE OPERATION OF THE 241-AP, 241-SY,
AND 241-AY/AZ TANK FARM VENTILATION SYSTEM UPGRADES AND SECOND
TIER REVIEW PETITION FOR THE OPERATION OF THE 241-AP, 241-SY, AND 241-
AY/AZ TANK FARM VENTILATION SYSTEM UPGRADES

The U.S. Department of Energy, Office of River Protection is requesting the approval, from the
Washington State Department of Ecology (Ecology), of the attached Criteria & Toxics Air
Emissions NOC for the operation of the 241 -AP, 241 -SY, and 241 -AY/AZ Tank Farm
Ventilation System Upgrades and Second Tier Review Petition for the operation of the 241-AP,
241-SY, and 241-AY/AZ Tank Farm Ventilation System Upgrades. This NOC and Second Tier
Petition are being submitted in compliance with Washington Administrative Code 173-400 and
173-460. This project is partially funded under the American Recovery and Reinvestment Act
Program. The data files supporting the NOC and Second Tier Petition are contained on a thumb
drive that will be hand delivered to Mr. D. W. Hendrickson in Ecology.

The ventilation system upgrades will replace the existing systems and are being designed to
support waste feed delivery from the 200 Area Tank Farms to the Waste Treatment and
Immobilization Plant. Ecology personnel were involved in the development of the NOC and
Second Tier Petition and in reviews of the draft documents.

U.S. Department of Energy

P.O. Box 450, MSIN H6-60
Richland, Washington 99352
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If you have any questions, please contact me, or your staff may contact Lori A. Huffman,
Director, Environmental Compliance Division, (509) 376-0104.

Sincerely,

ESQ:DWB

Attachments:
1. Criteria & Toxics Air Emissions NOC
2. Second Tier Review Petition
3. HIA Completeness Checklist

Jo athan A. Dowel, FtigManager
ffice of River Protection

cc w/attachs:
J. C. Allen-Ford, WRPS
W. T. Dixon, WRPS
J. W. Donnelly, WRPS
A. B. Dunning, WRPS
T. A. Erickson, WRPS
L. D. Garcia, WRPS
G. J. Johnson, WRPS
F. R. Miera, WRPS
L. L. Penn, WRPS
B. P. Rumburg, WRPS
R. J. Skwarek, WRPS
J. A. Voogd, WRPS
R. D. Wojtasek, WRPS
WRPS Correspondence

cc w/o attachs:
D. W. Hendrickson, Ecology
T. G. Beam, MSA
P. C. Miller, North Wind
V. E. Jackson, RL
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Prepared by:
Washington River Protection Solutions, LLC

Date Published
January 2011

Prepared For:
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P.O. Box 550
Richland, Washington

i



RPP-ENV-48229, Rev. 0

EXECUTIVE SUMMARY

This document serves as a notice of construction pursuant to the requirements of Washington
Administrative Code 173-400, "General Regulations for Air Pollution Sources," and Washington
Administrative Code 173-460, "Controls for New Sources of Toxic Air Pollutants," for operation
of new ventilation systems in the 241-SY Tank Farm, 241-AP Tank Farm, and 241-AY/AZ Tank
Farms. The new ventilation systems include replacing the existing exhaust trains with two new
parallel exhaust trains with the 241-SY ventilation system capable of a 2,500 standard cubic feet
per minute flow rate and each the 241 -AP and the 241 -AY/AZ ventilation systems capable of a
3,000 standard cubic feet per minute flow rate. Operation of the new ventilation systems will be
for the storage, treatment, retrieval, sampling, transfers, mixing and disposal of the waste in the
tanks. The new exhausters are being upgraded with increased flow rates to accommodate the
increased heat from mixer pumps that are added to mix the tanks for waste feed delivery to the
Waste Treatment and Immobilization Plant.

The combined emissions from all three exhausters for the criteria pollutants nitrogen oxides and
volatile organics were found to be above the criteria for exemption in accordance with
Washington Administrative Code 173-400. Emissions of toxic air pollutants for all three
exhausters were analyzed and 91 toxics were found to potentially be emitted. Of the 91 toxics
identified 44 were found to be above the Washington Administrative Code 173-460 de minimis
screening levels and 32 were found to be above the small quantity emission rate. Only dimethyl
mercury was found to be above the acceptable source impact level. A second tier health impacts
analysis will be submitted separately to analyze the impact of emissions on public health.

A best available control technology for toxics evaluation was performed for each exhauster in
this notice of construction application. The technologies considered were eliminated due to
technical infeasibilities or because the costs exceeded the amounts the Washington Department
of Ecology considers to be economically justifiable. The best available control technology for
toxics was determined to be a de-entrainer, heater, pre-filter, and two banks of nuclear grade high
efficiency particulate air filters in series.
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UNITS
g/s grams per second
gal gallons
lb/yr pound(s) per year
m meter
scfm standard cubic feet per minute

ptg/M3 microgram per cubic meter

vi



RPP-ENV-48229, Rev. 0

METRIC CONVERSION CHART
Into metric units Out of metric units

U.S. U.S.
Customary Customary

Units Multiply by To get Units Multiply by To get

Length Length

Inches 25.40 Millimeters millimeters 0.0393 inches

Inches 2.54 Centimeters centimeters 0.393 inches

Feet 0.3048 Meters meters 3.2808 feet

Yards 0.914 Meters meters 1.09 yards

Miles 1.609 Kilometers kilometers 0.62 miles

Area Area

square inches 6.4516 Square square 0.155 square
centimeters centimeters inches

square feet 0.092 square meters square meters 10.7639 square feet

square yards 0.836 square meters square meters 1.20 square yards

square miles 2.59 Square square 0.39 square miles
kilometers kilometers

Acres 0.404 Hectares hectares 2.471 acres

Mass (weight) Mass (weight)

Ounces 28.35 Grams grams 0.0352 ounces

Pounds 0.453 Kilograms kilograms 2.2046 pounds

short ton 0.907 metric ton metric ton 1.10 short ton

Volume Volume

fluid ounces 29.57 Milliliters milliliters 0.03 fluid ounces

Quarts 0.95 Liters liters 1.057 quarts

Gallons 3.79 Liters liters 0.26 Gallons

cubic feet 0.03 cubic meters cubic meters 35.3147 cubic feet

cubic yards 0.76456 cubic meters cubic meters 1.308 cubic yards

Temperature Temperature

Fahrenheit subtract 32 then Celsius Celsius multiply by 9/5ths, Fahrenheit
multiply by 5/9ths then add 32

Energy Energy

kilowatt hour 3,412 British thermal British thermal 0.000293 kilowatt
unit unit hour

Kilowatt 0.948 British thermal British thermal 1.055 kilowatt
unit per second unit per second

Force/Pressure Force/Pressure

pounds per 6.895 Kilopascals kilopascals 0.14504 pounds per
square inch j square inch

Source: Engineering Unit Conversions, M. R. Lindeburg, PE., Second Ed., 1990, Professional Publications, Inc., Belmont,
California.
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1.0 INTRODUCTION

This Notice of Construction (NOC) application is being submitted for approval in accordance
with Washington Administrative Code (WAC) 173-400, "General Regulations for Air Pollution
Sources," and WAC 173-460, "Controls for New Sources of Toxic Air Pollutants." This NOC
application describes the operation of the new ventilation systems in the 241-SY, 241-AP, 241-
AY/AZ Tank Farms located in the 200 West and 200 East Areas of the Hanford Site. Operation
of these new ventilation systems will be for the storage, treatment, retrieval, sampling, and
transfer of liquid/slurry wastes contained in the 200 West and East Area tanks in support of
future tank operation activities and waste feed delivery (WFD) to Hanford's Waste Treatment
and Immobilization Plant (WTP). This project is an American Recovery and Reinvestment Act
(ARRA) project deemed essential in supporting WFD to Hanford's WTP.

The new ventilation systems will have increased flow rates to support WFD operations. During
WFD, two mixer pumps will be added to up to two tanks in each farm to make the waste
homogeneous for sampling and processing at WTP. The heat generated during mixing and by
the pumps will be removed from the tanks via the new ventilation systems. The new ventilation
systems are designed to have increased flow capabilities to maintain the tanks within their
operating temperature parameters.

Emissions of all criteria air pollutants and toxic air pollutants (TAPs) were estimated based upon
tank concentration headspace data from the Tank Waste Information Network (TWINS)
database. Due to uncertainties in waste transfers between tanks over the life of these projects, a
conservative approach was taken to estimate emissions. Emissions were estimated based upon
the highest per tank emission rate of each pollutant for all the tanks in both the 200 West and 200
East Areas. All of the tanks in each tank farm were then assumed to have the highest per tank
emission rate for each pollutant. Finally, it was assumed that two tanks would be mixed at any
given time and a factor of 10 will be applied to their emissions to simulate the increased
emission from mixing. The estimated emissions are very conservative and assume that only two
tanks are being mixed in each tank farm for the entire year. Mixing is anticipated to take
approximately two weeks and be performed periodically as needed.

The emissions for criteria pollutants were estimated to be below the regulatory exemption levels
with the exception of nitrogen oxides (NOx) and total volatile organic compounds (VOCs) as
shown in Appendix A. Estimated NOx emissions are 7,630 lbs/year and the estimated VOC
emissions are 20,132 lbs/year. Both of these levels exceed the 4,000 lb/year exemption level in
WAC 173-400-110(5)(d).

Emissions of all TAPs as defined in WAC 173-460-150 were estimated applying the same
methodology used for the criteria pollutants using the TWINS database. A total of 91 TAPS
were found but only 44 were above the de minimis emission screening level, while 32 were
above the small quantity emission rate (SQER), and one was above the acceptable source impact
level (ASIL). Dimethyl mercury was found to be above the ASIL and a second tier petition
Health Impacts Analysis (HIA), as required in WAC 173-460-090, will be submitted separately.

Appendix B contains a copy of RPP-ENV-46679, Evaluation ofBest Available Control
Technology for Toxics (tBA CT) Double shell Tank Farms Primary Ventilation Systems
Supporting Waste Transfer Operations. The technologies considered were eliminated due to

I
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technical infeasibilities or because the costs exceeded the amounts the Washington Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) considers to be
economically justifiable. Based on the results of the tBACT evaluation, the proposed tBACT
control technology for the double shell tank (DST) primary ventilation systems consists of a
moisture de-entrainer, pre-heater, prefilters, and two banks of nuclear grade high efficiency
particulate air (HEPA) filters in series.
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2.0 FACILITY IDENTIFICATION AND LOCATION

The DST farms are located at:

U.S. Department of Energy, Office of River Protection
Hanford Site
200 East and West Area Tank Farms
Richland, WA 99352

The DSTs are located in the 200 East and West Areas of the Hanford Site (See Figure 1). A
brief description of each tank farm follows. Table 1 lists the locations of the tank farms.

241-SY Tank Farm: The 241-SY Tank Farm consists of three buried DSTs in the 200 West
Area. The tanks each have a capacity of 1.16 million gallons (gal). The 241-SY Tank Farm is
the only DST in the West Area and is the transfer point between the West Area and the East
Area, where waste will be treated. The 241-SY Tank Farm was placed into service in 1977.
Figure 2 shows a map of the 241-SY Tank Farm and Figure 3 is an aerial photograph of the farm.
The three tanks are numbered 241-SY-101, 241-SY-102, and 241-SY-103.

Current 241-SY exhausters are assigned stack numbers 296-S-25 ("A" Train) and 296-P-23 ("B"
Train) and operate alternately. They are listed in the Hanford Site Air Operating Permit (AOP)
Number 00-05-006 under emission points S-296S025-001 (296-S-25) and P-296SY-00l (296-P-
23). The new assigned 241-SY exhauster stack numbers are 296-S-026 ("A" Train) and 296-S-
027 ("B" Train) and will operate as one exhauster being primary and the other secondary, only
one exhauster will operate at a time. At the completion of testing the old exhausters will be
disconnected, power disconnected, and removed at a later date.

241-AP Tank Farm: The AP Tank Farm consists of eight buried DSTs in the 200 East Area.
The tanks each have a capacity of 1.16 million gal. The AP Tank Farm will be the transfer point
for low activity waste from the 200 East Area to the WTP. The AP Tank Farm was placed into
service in 1986. Figure 4 shows a map of the AP Tank Farm and Figure 5 is an aerial picture of
the AP Tank Farm. The tanks are numbered 241-AP-101 through 241-AP-108.

The current 241 -AP exhauster is assigned stack number 296-A-40 and consists of two exhaust
trains that operate alternately with a shared stack. The existing stack is listed in the AOP
Number 00-05-006 under emission point P-296AP-001 (296-A-40). The new assigned 241-AP
exhauster stack numbers are 296-A-048 ("A" Train) and 296-A-049 ("B" Train) and will operate
as one exhauster being primary and the other secondary, only one exhauster will operate at a
time. At the completion of testing the old exhausters will be disconnected, power disconnected,
and removed at a later date.

241-AY and 241-AZ Tank Farms: The 241-AY Tank Farm and the 241-AZ Tank Farm each
have two buried DSTs in the 200 East Area. The AY and AZ Tank Farms were placed into
service in 1971 and 1977 respectively. A map of the AY and AZ Tank Farms is shown in Figure
6. Due to the proximity of the two tank farms, it is possible to use one exhauster system to
ventilate both farms. Figure 7 shows an aerial photo of the 241-AY, 241-AZ and nearby 241-AX
Tank Farms.

3
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The current 241-AY/AZ exhauster system consists of two exhaust trains. The stack is assigned
number 296-A-42, and is listed in the AOP Number 00-05-006 under emission points P-
296A042-001 (296-A-42). The newly installed and assigned 241-AY/AZ exhauster stack
numbers are 296-A-050 ("A" Train) and 296-A-051 ("B" Train) and will operate as one
exhauster being primary and the other secondary, only one exhauster will operate at a time. At
the completion of testing the old exhausters will be disconnected, power disconnected, and
removed at a later date.
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Figure 1. The Hanford Site.
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Fi cure 2. Location of 241 -SY Tank Farm.
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Fiure 3. Aerial \Vicew of 241-S Tank Farm.
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Li ssurc 4. Location of 241 -A P Tank Farm.
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Fi LiIrc 5. Acrial View of 241 -A P Tank Farm.
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Figure 6. Location of 24 1 -AY and 241-AZ Tank Farms.
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3.0 RESPONSIBLE MANAGER

The current responsible facility manager is:

JOlaIthan A. Dowell. Acting M1anag2er
U.S. Department of Enerey. Office of River Protection (OR P)
P.O. Box 550
Richland, Washington 99352
(509) 376-33S9
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4.0 PROPOSED ACTION

This NOC application is submitted for approval to install and operate new 241-SY, 241-AP, and
241-AY/AZ primary ventilation system exhausters. Approval is requested in this application to
operate these new ventilation systems during operations for waste storage, treatment, retrieval,
sampling and transfers of the waste to the WTP. The exhausters are being upgraded with
increased air flow rates because thermal hydraulic analysis of the WFD process determined that
increased air flow rates were necessary to assure the tanks are maintained within operating
temperature limits. The following reports document the thermal hydraulic analysis for the 241-
SY and 241-AP Tank Farms:

" RPP-4397 1, Thermal Hydraulic Evaluation for 241-SY Tank Farm Primary
Ventilation System

* RPP-45912, Thermal Hydraulic Evaluationfor 241-AP Tank Farm Primary
Ventilation System

The thermal and hydraulic analysis for the 241-AY/AZ Tank Farm is yet to be completed.

The activities proposed with this NOC revision will increase emissions during WFD activities.

4.1 241-SY TANK FARM

The activities proposed in this NOC for the 241-SY Tank Farm include:

* Site preparation for the new exhauster skids.
" Isolation and removal of the existing exhausters.
* Installation of the new exhausters.
* Operation of one exhaust fan and train with a flow rate of 1,360 standard cubic feet per

minute (scfm) for storage operations and most retrieval and sampling activities.
* Operation of one exhaust fan and train with a maximum flow rate of up to 2,500 scfm for

WFD operations.

The planned schedule for delivery of the 241-SY Exhauster is July, 2011. Site preparation is
scheduled to begin in October, 2011 and last through March, 2012. Testing of the installed unit
will occur from April to September, 2012 and operations are scheduled to start in October, 2012.
The exhauster will be designed for a 40 year design life, consistent with the scheduled Hanford
Site cleanup completion.

4.2 241-AP TANK FARM

The activities proposed in this NOC for the 241-AP Tank Farm include:

" Site preparation for the new exhauster skids
* Isolation and removal of the existing exhausters.
. Installation of the new exhausters.
* Operation of one exhaust fan and train with a flow rate of 1,500 scfm for storage

operations and most retrieval and sampling activities.
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* Operation of one exhaust fan and train with a maximum flow rate of up to 3,000 scfm for
WFD.

The planned delivery schedule for the 241 -AP Exhauster is August, 2011. Site preparation is
scheduled to occur from April through September, 2012. Testing of the installed unit is
scheduled to occur from October, 2012 to July, 2013, with operations starting in August, 2013.
The exhauster will be designed for a 40 year design life, consistent with the scheduled Hanford
Site cleanup completion.

4.3 241-AY/AZ TANK FARMS

The activities proposed in this NOC for the 241-SY Tank Farm include:

. Site preparation for the new exhausters.

. Isolation and removal of the existing exhausters.

. Installation of the new exhausters.

. Operation of one exhaust fan and train with a flow rate of 1,500 scfm for storage
operations and most retrieval and sampling activities. Operation of one exhaust fan and
train with a maximum flow rate of up to 3,000 scfm for WFD.

The planned delivery schedule for the 241-AY/AZ Exhauster is July, 2012. Site preparation is
scheduled to occur from October, 2012 through March, 2013. Testing of the installed unit will
occur from April to September, 2013 and operations will begin in October, 2013. The exhauster
will be designed for a 40 year design life, consistent with the scheduled Hanford Site cleanup
completion.
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5.0 STATE ENVIRONMENTAL POLICY ACT

In accordance with WAC 197-11, State Environmental Policy Act of 1971 and the Revised Code
of Washington (RCW) 43.21C Ecology requires all government agencies to consider the
environmental impacts of a proposal before making decisions. An environmental review of the
actions identified in this NOC application was conducted in the preparation of the National
Environmental Policy Act (N EPA) of 1969 (title 10, Code ofFederal Regulations, Part 1021,
"National Environmental Policy Act" [10 CFR 1021]) documentation. Existing environmental
documentation can be used to meet all or part of an agency's responsibilities under the State
Environmental Policy Act (SEPA) as provided in WAC 197-11-600. These documents meet the
agencies review needs for the current proposal:

* DOE/EIS-0189,"Tank Waste Remediation System, Hanford Site, Richland,
Washington, Final Environmental Impact Statement"

* 62 FR 8693, "Final Environmental Impact Statement: Disposal of Hanford Defense
High-Level, Transuranic and Tank Wastes, Hanford Site, Richland WA"

16
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6.0 CHEMICAL AND PHYSICAL PROCESS

The 241-SY, 241-AP, and 241-AY/AZ Tank Farms all contain DSTs. The inner shell of each
DST is constructed from heat-treated, stress-relieved steel, and the outer shell is constructed of
non-stress-relieved steel. The inner tank where the waste is stored is 75 feet in diameter and is
approximately 47 feet high at the crown. The two shells are separated by a 2.5-foot annulus, and
both shells are contained within a concrete encasement.

Waste stored in the tanks consists of hazardous chemicals regulated under the Resource
Conservation and Recovery Act (RCRA) of 1976 and radioactive isotopes regulated under the
Atomic Energy Act (AEA) of 1954. The DSTs are used to store, treat, or transfer waste to the
WTP. The tanks contain mixed waste in the form of liquids and suspended or settled solids.
Gases are generated by the reaction of radioactive and hazardous chemicals in the tanks. The
contents of the tanks may be mixed periodically to entrain the solids. During storage activities
and mixing, the ventilation system maintains the headspace in each tank below atmospheric
pressure to retain containment on radioactive particulates.

The ventilation systems contain the radioactive particulates present in the tank headspace,
remove flammable gases and vapors that evolve from the liquid surface, and remove heat. The
ventilation systems operate by drawing outside air into the headspace. The air is drawn out of
the tanks via a riser into a common ventilation header. The header is then connected to the
exhauster. See Section 7 for a discussion of the exhauster process and abatement systems.

During storage operations, the tank waste is quiescent. Retrieval of wastes from single shell
tanks (SSTs) will involve periodic transfers of waste between tanks. Supernatant from DSTs
might be used to help mobilize sludge in the SSTs, and the resulting waste will be transferred
back to the DSTs. Waste will also be transferred between and among tanks for space
management. In the 200 East Area, waste will also be transferred between tanks to reach the
242-A Evaporator for volume reduction. Periodic sampling will also occur. The 241 -SY Tank
Farm will receive waste transfers from the 222-S Laboratory.

For waste transfer operations, a maximum of two mixer pumps and a transfer pump will be
installed in each of two tanks in a farm. Waste transfers and testing will occur prior to WTP
operation. The mixer pumps will be run to ensure that the waste is a homogeneous mixture for
sampling and delivery to the WTP. Mixer pumps are operated in a batch mode as needed to
maintain waste uniformity during staging and to mix the waste for a period of time before and
during transfer. As required by operational directives, mixer pumps will be operated until waste
samples verify that adequate mixing has occurred. Waste samples will be collected periodically.
If dilution/conditioning is needed, the pH and temperature of the diluents will be adjusted by
means of a caustic supply system.

The contents in each tank could be mixed periodically to control gas entrapment in the settled
solids, to control temperature, to perform chemical treatment, or for waste retrieval. Contained
solids are mobilized as part of the hydraulic action of the mixer pumps or by using air lift
circulators in each of the tanks. Mobilization of solids normally occurs in a single tank at a time.
During mixing as well as storage, the ventilation system will maintain the headspace below
atmospheric pressure.
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7.0 EMISSION ESTIMATES

Criteria and toxic air pollutants emissions are estimated and reported in RPP-RPT-44009,

Spreadsheet Description Document for Non-Rad Air Source Term/br 241 -SY Farm and 241 -
AP Farm Primary Ventilation System Upgrades, and SVF-1 82 1, Non-Radiological Air Source
Term for 241-SY Farm and 241-AP Farm Primary Ventilation System on a per tank basis and a

maximum tank farm basis. RPP-RPT-44009 and SVF- 1821 calculate the maximum emissions

for each TAP from all tanks, thus bounding the 241-AY/AZ exhauster emissions. For this

analysis, the per tank emission rate from SVF- 1821 was used to calculate the per tank farm

emission rate for 241-SY, 241-AP, and 241-AY/AZ Tank Farms. Assumptions made in

RPP-RPT-44009 for the evaluation were:

I. When the maximum value in the TWINS database is the measurement detection

limit, that value is assumed to be the reported value.
2. Measurements were made over a quiescent waste and passively ventilated for all

SSTs and actively ventilated DSTs. A constant emission rate was assumed as long as

the tank waste remained quiescent.
3. SSTs were passively ventilated during measurements and each DST ventilation

system was assumed to have a flow rate for each tank of 1,000 scfm divided by the

number of tanks in the tank farm.
4. Based upon mixer pumps test in DST 241-AZ-101, it was assumed that the

headspace concentrations increased by a factor of 10 during waste mixing activities

(RPP-12735, Tank Farm Source Term Document Corrections, Rev. OA).
5. No more than two tanks in a tank farm will have waste disturbing activities occurring

simultaneously.
6. The emission rate from the highest tank for each TAP is contained in all tanks in the

DST tank farm.

The unabated emissions of criteria and toxic pollutants from the 241-SY, 241-AP and 241-

AY/AZ exhausters were estimated based upon measured headspace concentrations in the

TWINS database. This database was searched for regulated criteria pollutants by the Chemical

Abstracts Service (CAS) number for all tanks. Because waste transfers will occur between tanks

during the lifetimes of the exhausters, the highest emission rate per tank was calculated. The

maximum per tank emission rate was used for each farm, assuming that two of the tanks will be

mixed in each farm.

7.1 ESTIMATED EMISSIONS OF CRITERIA POLLUTANTS

The annual emissions of criteria pollutants are shown in Table A-I in Appendix A. Only NO,

and VOCs were above the de minimis annual emission limits. Nitrogen oxides had an annual

emission rate of 7,630 lbs/year while the de minimis threshold is 4,000 lbs/year. Volatile organic

compound emissions were estimated to be 20,100 lbs/year, while the de minimis threshold is
4,000 lbs/year.
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7.2 ESTIMATED EMISSIONS OF TOXIC AIR POLLUTANTS

The emissions of TAPs are shown in Table A-2 in Appendix A. Ninety-one TAPs were
identified in the tank headspace. Of these, only 44 had emissions above the de minimis emission
threshold in WAC 173-460-150. Only 32 TAPs had emission rates above the SQER emission
thresholds. Only dimethyl mercury was above the ASIL and an HIA per WAC 173-460-090 is
being submitted separately.

7.3 AIR DISPERSION MODELING

Ambient air concentrations at the Hanford Site boundary were estimated using the EPA
American Meteorological Society/U.S. Environmental Protection Agency Regulatory Model
(AERMOD) dispersion model, Version 09292. EPA-454/B-03-001, User's Guidefor the
AMS/EPS Regulatory Model - A ERMOD, was used as modeling guidance.

The model inputs included the physical parameters of the stack:

* Stack height - 40 feet
* Maximum flow rates ( assuming mixing for all tank farms)
* Stack temperature of 293 degrees Kelvin.

The public access points to the site were used as the site boundaries. The surface meteorological
inputs were from the Hanford Meteorological Station (HMS) and the upper air data was obtained
from the Spokane, Washington, National Weather Service for the years 2001 through 2005.
Digital elevation model data from the U.S. Geological Survey was used for model terrain input.
The regulatory default mode was used. Based upon Ecology's 08-02-025, Guidance Document:
First, Second, and Third Tier Review of Toxic Pollution Source, the receptor grid spacing was:

Table 2. Ecology recommended receptor grid spacing.

Distance from Source (m) Grid Spacing (m)
0-350 10

350 -800 25
800-4,000 50

4,000 - 8,000 100
30,000 > 8,000 200

The new exhausters were modeled at the same time and it was assumed that all were operating
during mixing operations. The new exhausters were also assumed to be operating during mixing
operations for the entire year to ensure that the worst case situation was modeled.

A total unitary emission rate for all exhausters of 1 gram per second (g/s) was used based upon
the ratio of the emission factors per tank farm to the total of the three exhausters' emissions.
This method allowed for the actual exhaust rate for each TAP from all the exhausters to be
multiplied by the conversion factor to achieve the dispersed concentration. The 241-SY Tank
Farm had an emission factor of 21, two tanks being mixed and one quiescent. The 241-AP Tank
Farm had an emission factor of 26, two tanks mixed and 6 tanks quiescent. The 241-AY/AZ
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Tank Farm had an emission factor of 22, two tanks mixed and two tanks quiescent. The
emission factor for the 241-SY Tank Farm was 0.304 g/s (21/69), the 241-AP Tank Farm the

emission factor was 0.377 g/s (26/69), and the 241-AY/AZ Tank Farm emission factor was 0.319
g/s (22/69).

Table 3 shows the dispersion factors for all three exhausters operating simultaneously along with

the location of the highest receptor. The receptor with the highest concentration for each time

period is along Highway 240 to the south and west of the 200 West Area.

Table 3. Air dispersion factors for the 241-SY, 241-AP, and 241-AY/AZ DST exhausters.

(p1g/m 3 per g/s) Easting (m) Northing (m)

1-hour 17 319,027 5,163,399

24-hour 1.9 294,104 5,157,438

Annual 0.056 293,339 5,158,813

The air dispersion factors, based upon the specific TAP averaging period, were multiplied by the

total emission rate in g/s for the three tank farm exhausters to calculate the ambient air
concentrations shown in Table A-2.

7.4 ESTIMATED AMBIENT CONCENTRATIONS COMPARED TO WAC 173-460-
150 THRESHOLDS

The results of the emissions and modeling are shown in Table A-2 in Appendix A. Only
dimethyl mercury exceeded the WAC 173-460-150 ASIL limits. The dispersed dimethyl
mercury concentration was modeled to be 7.8E-08 microgram per cubic meter (ptg/m 3). An HIA
will be submitted separately describing the anticipated effect on human health from the dimethyl

mercury emissions.
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8.0 TANK VENTILATION PROCESS AND EMISSION CONTROL SYSTEMS

The abatement technology for this new system is described in RPP-SPEC-42594, Procurement
Specification SY/AP Primary Exhauster Skid For Waste Tank Ventilation. The 241 -AY/AZ
specification is yet to be complete; however it is expected to be equivalent to the 241-SY and
241 -AP system.

The upgraded ventilation systems will remove particulates and moisture, collect condensate, and
reduce relative humidity in the exhaust stream. Inlet air for the tanks is primarily provided
through inlet air filters, along with air infiltration through process pits and tank risers. Air flows
from the tank to a common header. The major components of this DST primary ventilation
system are:

* Cooler - to be installed prior to mixing (not a part of tBACT)
* De-entrainer
" Heater
. Prefilter
* HEPA filter banks in series (2)
* Fans
. Exhaust stack
* Monitoring and control instruments and equipment.

The air from the common header passes through a de-entrainer to remove large water droplets.
The air next passes through a heater to lower the relative humidity, and then through a prefilter to
remove large particles. The de-entrainers and heaters help protect the HEPA filter media from
wetting, which could lead to wicking of contamination, plugging of a filter, or wetting of the
exhaust system sample system filter and sample media. The air next passes through two nuclear
grade HEPA filters that are rated to remove particles as small as 0.3 pm in diameter with a rated
efficiency of no less than 99.97%. The face dimensions of the filters are 24 inches by 24 inches
and the filter media is 11.5 inches deep. The monitoring and control instrumentation ensures that
the pressure drop across the HEPA filters is within tolerances. The primary ventilation system
will collect all condensate and return it to a designated DST.

The new systems will incorporate coolers to keep the air temperature within the operational
range of the HEPA filters. The coolers, if necessary, would be placed on a skid before the de-
entrainers. Testing of the heat generated from the mixer pumps will be conducted to determine if
coolers are necessary.

8.1 BEST AVAILABLE CONTROL TECHNOLOGY

Pursuant to WAC 173-400-113(2), an analysis of Best Available Control Technology (BACT)
for emissions of criteria pollutants was performed as well as a Best Available Control
Technology for Toxics (tBACT) pursuant to WAC 173-460-060 (2) for toxics. Appendix B
contains a copy of RPP-ENV-46679, Evaluation of Best Available Control Technology for
Toxics (tBA CT) Double shell Tank Farms Primary Ventilation Systems Supporting Waste
Transfer Operations. This document serves as the tBACT analysis for this NOC application.
The tBACT was based upon emissions from the 241-AP Tank Farm and is bounding for the
other tank farms.
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The tBACT analysis was performed using the "top-down" approach established for BACT. The
approach consists of the following steps:

1) Identify all control technologies
2) Eliminate technically infeasible options
3) Rank remaining control technologies by control effectiveness
4) Evaluate most effective controls and document results
5) Select BACT.

Toxics with similar chemical and physical properties were grouped together with the assumption
that similar control technologies would be effective. The four groups identified were:

" Ammonia
. Toxic organic compounds
. Mercury and mercury related compounds
. Particulate metal compounds

A detailed evaluation of the emission control technologies was performed. After an
effectiveness analysis, a cost per ton of pollutant removed was calculated. Most of the costs per
ton exceeded the cost ceiling estimates guidelines previously approved by Ecology and EPA as
economically justifiable. Due to the low emission rates, the cost per ton to remove the pollutants
becomes prohibitively expensive.

Based upon the results of this tBACT, the proposed tBACT control technology for the DST
primary ventilation system consists of a moisture de-entrainer, heater, pre-filter, and two banks
of nuclear grade HEPA filters in series.
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9.0 APPLICABLE CONTROL TECHNOLOGY DRAWINGS

Figure 8 shows the new exhauster design. The design includes a de-entrainer, heater, pre-filter,
and two banks of nuclear grade HEPA filters in series and exhaust stack.
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Figure 8. Exhauster Layout
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10.0 MONITORING DURING OPERATIONS

Annual sampling is proposed for NO, and VOCs emissions are estimated to be above the
SQERs. Annual sampling is also proposed for the 32 TAPs above the SQERs and for dimethyl
mercury because it is above the ASIL.
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APPENDIX A
Criteria and Toxic Air Pollutant Emission Rates
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Table A-1. Criteria pollutants emission rates and comparison to de minimis levels.

Chemical CAS # Averaging Emission Emission De Above De
Period Rate (g/s) Rate Minimis Minimis

(lbs/yr) (lbs/yr)

Nitrogen oxides 10 102-44-0 Year 1.59E-03 7,630 4,000 Yes
VOCs Year 4.20E-03 20,132 4,000 Yes
SOx (Sulfur 7446-09-05 Year 3.52E-06 17 4,000 Nooxides) _______

Lead 7439-92-1 Year 9.50E-07 5 10 No
Carbon monoxide 630-08-0 Year 5.40E-04 2,592 10,000 No
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Table A-2. Toxic air pollutant emission rates and comparison to the WAC 173-460-150 de minimis, SQER, and ASIL levels.

De Above
Emissions Minimis De SQER Disperse

Avg. (lbs/ avg Minimis (lbs/avg Above d Cone. ASIL Above
Cheica Nae CS # Perodlbs/24- Is v iii (b/v bv Cone (ASIL bovChemical Name CAS # Period (lbs/yr) period) period) SQER? (pg/m 3) (pg/i 3) ASIL?

Ethylbenzenc 100-41-4 Year 1.41F-03 - - 98.1 3.84 Yes 76.8 Yes 7.90E-05 0.4 No

Styrene 100-42-5 24-hr 4.62E-04 - 0.088 - 5.91 No 118 No 8.79E-04 900 No

Benzyl Chloride 100-44-7 Year 1.34E-05 - - 0.932 0.196 Yes 3.91 No 7.51E-07 0.0204 No

Nitrogen dioxide 10102-44-0 1-hr 5.51E-02 0.438 - - 0.457 No 1.03 No 9.37E-01 470 No

n-Nitroso-n-methylethylamine 10595-95-6 Year 1,94E-06 - - 0.135 0.00153 Yes 0.0305 Yes 1.09E-07 0.000159 No

p-Xylene 106-42-3 24-hr 1.63E-03 - 0.310 - 1.45 No 29 No 3.09E-03 221 No

1.4-Dichlorobenzene 106-46-7 Year 6.21E-05 - - 4.32 0.872 Yes 17.4 No 3.48E-06 0.0909 No

1.2-Epoxybutanc 106-88-7 24-hr 4.04E-05 - 0.00769 - 0.131 No 2.63 No 7.67E-05 20 No

1,2-Dibronoethane 106-93-4 Year 7.97E-05 - - 5.54 0.135 Yes 2.71 Yes 4.46E-06 0.0141 No

1.3-Butadiene 106-99-0 Year 1.99E-04 - - 13.9 0.0564 Yes 1.13 Yes 1.12E-05 0.00588 No

Acrolein 107-02-8 24-hr 2.98E-06 - 0.000568 - 0.000394 Yes 0.00789 No 5.66E-06 0.06 No

Allyl Chloride 107-05-1 Year 1.02F-05 - - 0.709 1.6 No 32 No 5.71E-07 0.167 No

1,2-Dichloroethane 107-06-2 Year 1.63E-03 - - 113.20 0.369 Yes 7.39 Yes 9.12E-05 0.0385 No

Acrylonitrile 107-13-IM Year 1.23E-05 - - 0.856 0.0331 Yes 0.662 Yes 6.90E-07 0.00345 No

Vinyl acetate 108-05-4 24-hr 4.48E-07 - 8.53E-05 - 1.31 No 26.3 No 8.51E-07 200 No

Methyl Isobutyl Ketone 108-10-1 24-hr 2.77E-03 - 0.527 - 19.7 No 394 No 5.26E-03 3000 No

m-Xylene 108-38-3M 24-hr 9.42E-04 - 0.179 - 1.45 No 29 No 1.79E-03 221 No

3-Methylphenol 108-39-4 24-hr 4.74E-06 - 0.00090 - 3.94 No 78.9 No 9.01E-06 600 No

Toluene 108-88-3 24-hr 4.09E-02 - 7.78 - 32.9 No 657 No 7.76E-02 5000 No

Chlorobenzene 108-90-7 24-hr 4.99E-04 - 0.095 - 6.57 No 131 No 9.49E-04 1000 No

Phenol 108-95-2 24-hr 8.14E-03 - 1.55 - 1.31 Yes 26.3 No 1.55E-02 200 No

n-Hexane 110-54-3 24-hr 5.16E-03 - 0.98 - 4.6 No 92 No 9.81E-03 700 No

Cyclohexane 110-82-7 24-hr 1.58E-03 - 0.301 - 39.4 No 789 No 3.01E-03 6001 No

Ethylene glycol monoethyl ether acetate 1 11-76-2 24-hr 1.52E-04 - 0.029 - 85.4 No 1710 No 2.88E-04 13000 No
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De Above
Emissions Minimis De SQER Disperse

Avg. (lbs/ avg Minimis (lbs/avg Above d Conc. ASIL Above
Chemical Name CAS # Period (lbs/24- period) ? period) SQER? (pg/m3) (Pg/M3 ) ASIL?

(g/s) (lbs/hr) hr) (Ibs/yr)

Propylene 115-07-1 24-hr 3.93E-03 - 0.748 - 19.7 No 394 No 7.46E-03 3000 No

Di(2-cthylhexyl)phthalate 117-81-7 Year 7.46E-07 - - 0.0518 0.4 No 8 No 4.18E-08 0.0417 No

1,4-Dioxanc 123-91-1 Year 7.02E-04 - - 48.8 1.25 Yes 24,9 Yes 3.93E-05 0.13 No

Perchloroethylene 127-18-4 Year 1.62E-03 - - 112.4 1.62 Yes 32.4 Yes 9.06E-05 0.169 No

Vanadium Pentoxide 1314-62-1 1-hr l.17E-04 0.00093 - - 0.00329 No 0.0657 No 1.99E-03 30 No

Polychlorinated Biphenyls (PCBs) 1336-36-3 Year 2.04E-05 - - 1.415 0,0168 Yes 0.336 Yes 1.14E-06 0.00175 No

Trans-1,2-dichlorocthcne 156-60-5 24-hr 1.19E-07 - 2.27E-05 - 5.3 No 106 No 2.27E-07 807 No

Butylated hydroxyanisole 25013-16-5 Year 1.42E-06 - - 0.0989 168 No 3360 No 7.97E-08 17.5 No

Fonnaldehyde 50-00-0 Year 2.35E-05 - - 1.64 1.6 Yes 32 No 1.32E-06 0.167 No

n-Nitrosodiethylanine 55-18-5 Year 1.94E-06 - - 0.135 0.000959 Yes 0.0192 Yes 1.09E-07 0.0001 No

Carbon Tetrachloride 56-23-5 Year 1.64E-03 - - I14.0 0.228 Yes 4.57 Yes 9.18E-05 0.0238 No

I-Dimethylhydrazine 57-14-7 24-hr 1.74E-06 - 0.000332 - 0.00329 No 0.0657 No 3.31E-06 0.5 No

Propylene Glycol 57-55-6 24-hr 2.25E-04 - 0.0429 - 0.187 No 3.75 No 4.28E-04 28.5 No

n-Nitrosomorpholinc 59-89-2 Year 8.96E-06 - - 0.623 0.00505 Yes 0.101 Yes 5.01E-07 0.000526 No

Diniethyl Mercury 593-74-8 24-hr 4.12E-08 - 7.85E-06 - IE-99 Yes IE-99 Yes 7.83E-08 IE-99 Yes

Acetamide 60-35-5 Year 6.05E-06 - - 0.421 0.48 No 9.59 No 3.39E-07 0.05 No

n-Nitrosodimethylanine 62-75-9 Year 2.65E-03 - - 184 0.00208 Yes 0.0416 Yes 1.48E-04 0.000217 No

n-Nitrosodi-n-propylamine 621-64-7 Year 1.94E-06 - - 0.135 0.0048 Yes 0.0959 Yes 1.09E-07 0.0005 No

Methyl Isocyanate 624-83-9 24-hr 1.77E-06 - 0.000337 - 0.00657 No 0.131 No 3.36E-06 I No

Carbon monoxide 630-08-0 1-hr 3.73E-02 0,296 - - 1.14 No 50.4 No 6.34E-01 23000 No

Methyl Alcohol 67-56-1 24-hr 7.11EF-02 - 13.5 - 26.3 No 526 No 1.35E-01 4000 No

Isopropyl Alcohol 67-63-0 I-hr 3.37E-03 0,0268 - - 0.35 No 7.01 No 5.74E-02 3200 No

Chloroform 67-66-3 Year 1.64E-03 - - 114.0 0,417 Yes 8.35 Yes 9.18E-05 0.0435 No

Hexachloroethane 67-72-1 Year 1.68E-03 - - 117.0 0.872 Yes 17.4 Yes 9.42E-05 0.0909 No

Benzene 71-43-2 Year 1.63E-03 - - 113.2 0.331 Yes 6.62 Yes 9.12E-05 0.0345 No
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De Above
Emissions Minimis De SQER Disperse

Avg. (lbs/ avg Minimis (lbs/avg Above d Conc. ASIL Above
Chemical Name CAS # Period (lbs/24- period) ? period) SQER? (pg/m33 (pg/m') ASIL?

(g/s) (lbs/hr) hr) (lbs/yr)

1.1,1-Trichloroethane 71-55-6 24-hr 6.74E-05 - 0.0128 - 6.57 No 131 No 1.28E-04 1000 No

Methyl Bromide 74-83-9 24-hr 6.42E-05 - 0.0122 - 0,0629 No 0.657 No 1.22E-04 5 No

Methyl Chloride 74-87-3 24-hr 2.24E-04 - 0.0426 - 0.591 No 11.8 No 4.25E-04 90 No

Hydrogen Cyanide 74-90-8 24-hr 5.69E-06 - 0.00108 - 0.0591 No 1.18 No 1.0SE-05 9 No

Lead and compounds (NOS) 7439-92-1 Year 6.55E-05 - - 4.56 10 No 16 No 3.67E-06 0.0833 No

Manganese & Compounds 7439-96-5 24-hr 6.55E-05 - 0.0125 - 0.000263 Yes 0.00526 Yes 1.25E-04 0.04 No

Mercury, Elemental 7439-97-6 24-hr 1.99E-05 - 0.00378 - 0.000591 Yes 0.0118 No 3.77E-05 0.09 No

Arsenic & Inorganic Arsenic Compounds 7440-38-2 Year 6.55E-05 - - 4.56 0.00291 Yes 0.0581 Yes 3.67E-06 0.000303 No

Beryllium & Compounds (NOS) 7440-41-7 Year 3.28E-06 - - 0.228 0.004 Yes 0.08 Yes l.84E-07 0.000417 No

Cadmium & Compounds 7440-43-9 Year 3.28E-05 - - 2.28 0.00228 Yes 0.0457 Yes 1.84E-06 0.000238 No
Chromium 1-Hexavalent: Soluble, except
Chromic Trioxide 7440-47-3 Year I.OOE-04 - - 6.98 0.000064 Yes 0.00128 Yes 5.63E-06 6.67E-06 No

Cobalt 7440-48-4 24-hr 6.55E-05 - 0.0125 - 0.000657 Yes 0.013 No 1.25E-04 0.1 No

Copper& Compounds 7440-50-8 I-hr 3.28E-05 0.000261 - - 0.011 No 0.219 No 5.58E-04 100 No

Sulfur dioxide 7446-09-05 1-hr 2.43E-04 0.00193 - - 0.457 No 1.45 No 4.13E-03 660 No

Ethyl Chloride 75-00-3 24-hr 2.87E-04 - 0.0546 - 197 No 3940 No 5.44E-04 30000 No

Vinyl Chloride 75-01-4 Year 1.64E-03 - - 114.0 0.123 Yes 2.46 Yes 9.18E-05 0.0128 No

Acetonitrile 75-05-8 Year 3.83E-03 - - 266 576 No 11500 No 2.14E-04 60 No

Accialdehyde 75-07-0 Year 4.1OE-03 - - 285 3.55 Yes 71 Yes 2.30E-04 0.37 No

Dichloromethane 75-09-2 Year 1.11 E-02 - - 773 9.59 Yes 192 Yes 6.23E-04 I No

Carbon disulfide 75-15-0 24-hr 4.01E-04 - 0.0763 - 5.26 No 105 No 7.61E-04 80 No

Ethylene oxide 75-21-8 Year 7.73E-06 - - 0.538 0.109 Yes 2.19 No 4.33E-07 0.0114 No

Bromoform 75-25-2 Year 8.76E-06 - - 0.609 8.72 No 174 No 4.91E-07 0.909 No

1,l-Dichlorocthane 75-34-3 Year 2.72E-05 - - 1.89 6 No 120 No 1.52E-06 0.625 No

1,1-Dichloroethylene 75-35-4 24-hr 3.13E-03 - 0.595 - 1.31 No 26.3 No 5.94E-03 200 No

Chlorodifluoromethane 75-45-6 24-hr 9.98E-04 - 0.190 - 328 No 6570 No l.90E-03 50000 No
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De Above
Emissions Minimis De SQER Disperse

Avg. (lbs/ avg Minimis (lbs/avg Above d Conc. ASIL Above
Chemical Name CAS # Period (lbs/24- (bs period) ? period) SQER? (pg/m ) (pg/m ) ASIL?

(g/s) (lbs/br) hr) (lbs/yr) peidpeid SQR (g/n) (/n) ASL

l-Chloro-lI-difluoroethane 75-68-3 24-hr 1.08E-03 - 0.206 - 329 No 6570 No 2.06E-03 50000 No

Ammonia 7664-41-7 24-hr 1.45E-02 - 191 - 0.465 Yes 9.31 Yes 2.76E-02 70.8 No
Selenium & Selenium Compounds (other
than Hydrogen Selenide) 7782-49-2 24-hr 5.70E-06 - 0.00109 - 0.131 No 2.63 No LOSE-05 20 No

1,2-Dichloropropane 78-87-5 Year 4.78E-05 - - 3.32 0.959 Yes 19.2 No 2.68E-06 0.1 No

Methyl Ethyl Ketone 78-93-3 24-hr 9.59E-03 - 1.83 - 32.9 No 657 No 1.82E-02 5000 No

1,1,2-Trichloroethane 79-00-5 Year 5.92E-04 - - 41.1 0.6 Yes 12 Yes 3.31E-05 0.0625 No

Trichloroethylene 79-01-6 Year 1.63E-03 - - 113.2 4.8 Yes 95.9 Yes 9.12E-05 0.5 No

Acrylic Acid 79-10-7 24-hr 6.51E-04 - 0.124 - 0.00657 Yes 0.131 No 1.24E-03 I No

1,1,2,2-Tetrachlorocthane 79-34-5 Year 7.45E-04 - - 51.8 0.165 Yes 3.3 Yes 4.17E-05 0.0172 No

2-Nitropropane 79-46-9M 24-hr 1.91E-04 - 0.0365 - 0.131 No 2.63 No 3.64E-04 20 No

Hexachlorobutadiene 87-68-3 Year 1.16E-03 - - 80.8 0.437 Yes 8.73 Yes 6.50E-05 0.0455 No

Naphthalene 91-20-3M Year 1.30E-05 - - 0.903 0.282 Yes 5.64 No 7.28E-07 0.0294 No

n-Nitroso-di-n-butylamine 924-16-3 Year 1.94E-06 - - 0.135 0.0031 Yes 0.062 Yes 1.09E-07 0.000323 No

n-Nitrosopyrrolidine 930-55-2 Year 1.94E-06 - - 0.135 0.016 Yes 0.32 No 1.09E-07 0.00167 No

o-Xylene 95-47-6 24-hr 1.61E-03 - 0.306 - 1.45 No 29 No 3.05E-03 221 No

2-Methylphenol 95-48-7M 24-hr 2.85E-05 - 0.00542 - 3.94 No 78.9 No 5.41E-05 600 No

Cumene 98-82-8 24-hr 7.03E-05 - 0.0134 - 2.63 No 52.6 No 1.34E-04 400 No
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1.0 Objective

The purpose of this document is to describe the spreadsheet developed to estimate toxic air
pollutant emissions from double-shell tank (DST) farm exhausters during waste feed delivery
operations. These exhausters provide a central discharge point for ventilation air from all of the
tanks in a DST farm. This spreadsheet provides estimates of unabated emissions for the
development of the Best Available Control Technology for Toxics (tBACT) analysis and Notice
of Construction (NOC) permit application for the tank farm exhausters. The exhausters are
being upgraded to support waste feed delivery to the Waste Treatment and Immobilization Plant
(WTP).

Toxic air pollutants listed in Washington Administrative Code (WAC) 173-460-150 (September
2009) were compared to the tank headspace data in the Tank Waste Information Network System
(TWINS). During operations to deliver waste feed to the WTP, all SST waste will be transferred
to DSTs and DST waste will be mixed for acceptance by WTP. The potential release of each
toxic air pollutant, in units of grams per second, is calculated from the product of headspace
concentration and headspace ventilation flow rate. After calculating the highest potential release
rate of each toxic air pollutant, the release rates from a hypothetical "worst case" tank are
determined assuming that the waste responsible for each of the highest release rates is present in
this tank. Further, for potential releases from a DST farm, it is assumed that each tank in the
farm is a "worst case" tank. The release rate is further adjusted assuming that waste disturbing
activities (for example, waste transfers, waste receipts or waste mixing operations) result in a
headspace concentration a factor of ten higher than would exist in a tank with quiescent waste
conditions. Each tank farm is assumed to include two tanks with waste disturbing activities and
the remaining tanks with quiescent waste conditions. Finally, the estimated total release of each
toxic air pollutant is compared to the respective regulatory trigger levels in WAC 173-460-150.

In summary, the non-radioactive air source term described herein represents a constant,
maximum release rate from a single "worst case" DST with quiescent waste. This release rate is
scaled upward to account for the presence of each tank in the farm and any waste disturbing
activities taking place within the farm.

NOTE: because of the methodology employed to develop the non-radioactive air source
term described in this document, the source term is applicable to primary ventilation
system upgrades in all Hanford Site DSTfarms. The document title addresses only the
241-SY and 241-APFarms. This is based on two considerations. First, these two tank
farms are the first scheduled to receive primary ventilation system upgrades. Secondly,
241-AP Farm establishes bounding source term conditions.

NOTE: 241-AP Farm establishes bounding source term conditions. It is assumed (refer
to Assumption 5 below) that no more than two tanks in a DSTfarm have waste disturbing
activity occurring simultaneously, while the remaining tanks experience quiescent waste
conditions. 241-AP Farm bounds the non-radioactive air source term because it includes
more tanks (8) than any other DSTfarm, resulting in the largest tank farm scaling factor
(the multiplier used to estimate the total release from a DSTfarm based on the release
from a "worst case" DST). This assumes waste disturbing activity in two 241-AP Farm
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tanks (release rate of each = 10 times quiescent waste release rate) plus quiescent waste
conditions in the remaining six 241-AP Farm tanks (release rate for six tanks = 6 times
quiescent waste release rate)for a total 241-AP Farm release rate of 26 times quiescent
waste release rate. This scaling factor bounds the release rates for all Hanford Site DST
farms.

1.1 Background
Washington Administrative Code Title 173, Department of Ecology, Chapter 460, Controlsfor
New Sources of Toxic Air Pollutants, Section 150, Table of ASIL, SQER and De Minimis
Emission Values (WAC-173-460-150) provides a list of hazardous chemicals regulated as toxic
air pollutants in the State of Washington. The Tank Waste Information Network System
(TWINS) includes analytical results from tank headspace vapor sample analyses. Both WAC-
173-460-150 and TWINS list chemicals by common name and by Chemical Abstract Service
registration number (CAS #). CAS #s were used to compare the TWINS sample analysis results
with WAC-173-460-150. The list of toxic air pollutants in WAC-173-460-150 was first sorted
by CAS # to match the listing of CAS #s found in TWINS. In addition, TWINS data for seven
metals were identified based on Common Name (CAS #s not given in WAC 173-460-150).

The TWINS headspace vapor sample analysis results were compared to the WAC-173-460-150
list. The sample analysis results for each of the toxic air pollutants were extracted from TWINS
as Excel® worksheets. Each toxic air pollutant listed in TWINS has, at a minimum, a single
sample result, with many toxic air pollutants having more than a thousand sample results. For
each toxic air pollutant, the maximum concentration was selected for comparison with WAC-
173-460-150. Approximately 90 chemicals reported in TWINS are listed in WAC-173-460-150
as toxic air pollutants. The headspace sample results include, among other data, the following
information:

" Tank Name - Identifies the tank where the sample was taken
" Chemical Name - Identifies the common name of the chemical analyzed
" Molecular Weight - Identifies the molecular weight of the chemical
* Chemical ID - CAS number
* Reported Value - The reported value
" Units - The units of the reported value
" Concentration - mg/M3 as measured at 25 *C

The sample results also include quality assurance data about the sample including sampling and
analysis methodologies, sampling and analysis date and time and any qualifications to the data.
For some toxic air pollutants, the sampling resulted in a determination that the measurement was
less than the value representing the measurement limit of the analysis (detection limit).

2.0 Input Data

Input data for the spreadsheet includes:

A-15
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" TWINS data downloaded during September and October 2009 (Vapor/Headspace
Sample Analysis/Analysis Results)

" Information from WAC 173-460-150

" Dispersion factors from AERMOD dispersion calculations for the Hanford Site

" SST passive ventilation rates listed in HNF-3588, Rev. 1

* A tank farm scaling factor (multiplier), based on RPP-12735 Rev. OB, to estimate tank
farm release rates during waste disturbing activities.

3.0 Assumptions
Assumption 1:

When only a detection limit ("less than" value) is reported in TWINS for an
analyte, and when the detection limit represents the maximum value for the
analyte, the detection limit is assumed to be equal to a reported value.

NOTE: in the event this methodology resulted in the "Local Release" exceeding
the de minimis value, the calculation results were assessed for applicability (refer
to Treatment of Carbon Monoxide Data in Section 7.0).

Assumption 2:

Toxic air pollutants were measured over quiescent waste in a ventilated tank
(passively ventilated for SSTs and actively ventilated for DSTs and DST
ventilation systems). A constant steady state release rate of toxic air pollutants
from tank waste is assumed as long as the waste in the tank remains quiescent.

Assumption 3:

SSTs are passively ventilated. Passive SST ventilation flow rates were obtained
from HNF-3588 Rev. 1. For tanks not listed in HNF-3588 Rev. 1, or where the
tanks listed in HNF-3588 Rev. 1 are known to have previously been actively
ventilated, ventilation flow rates from a similar type SST are used. DST
ventilation systems are assumed to have a flow rate of 1000 ft3/min. All DST's in
a tank farm are assumed to have the same ventilation flow rate, so the ventilation
flow rate through a DST equals 1000 ft3/min divided by the number of tanks in
the farm.

Assumption 4:

Based on mixer pump tests in DST 241-AZ-101, it is assumed that headspace
concentrations increase by a factor of 10 during waste disturbing activities. Of
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the compounds analyzed for in tank 241-AZ-101 's headspace during mixer pump
operations, toluene was found to have the highest release factor, a factor of 7.5.
This release factor was rounded to 10 for conservatism (RPP- 12735 Rev. OB)

Assumption 5:

It is assumed that no more than two tanks in a DST farm have waste disturbing
activities (waste transfers, waste receipts or waste mixing operations) occurring
simultaneously; the remaining tanks have quiescent waste conditions.

Assumption 6:

It is assumed that the waste which results in the largest potential release of each
toxic air pollutant is contained in all of the tanks in a DST farm. Therefore, 241-
AP Farm bounds the non-radioactive air source term because this farm includes
more tanks (8) than any other DST tank farm.

4.0 Methodology

4.1 TWINS Analysis
WAC-173-460-150 lists toxic air pollutants controlled by the State of Washington. The WAC-
173-460-150 list was converted into an Excele spreadsheet, and sorted by CAS number for
comparison to TWINS headspace vapor sample data. The TWINS headspace data was then
searched for the CAS numbers in WAC-173-460-150. Each CAS number listed in both WAC-
173-460-150 and the TWINS headspace data resulted in an Excelo worksheet listing all
analytical results for that CAS number. In addition, the TWINS database was searched for data
for toxic metals identified by common name in WAC 173-460-150. A worksheet for each of
these toxic metals was then added to the Excel* spreadsheet. Approximately 90 toxic air
pollutants listed in WAC-173-460-150 are found in the headspace data in TWINS, resulting in
approximately 90 worksheets, with each worksheet listing a single toxic air pollutant. In some
cases TWINS lists chemical constituents as a group: for example ethyl benzene is listed as both
ethyl benzene (CAS # 100-41-4) and as ethyl benzene and others (CAS # 100-41-4M). In these
cases both the individual listing and the group listing were compared, and the larger
concentration of the two selected. The extracted TWINS data includes, among other data, the
concentration of the toxic air pollutant (mg/M3 at 25*C) and the tank where the sample was
obtained.

4.2 Tank Flow Rates
DST ventilation flow rates were determined by assuming a flow rate for the tank farm of 1000
ft3/min. The ventilation flow rate for an individual tank was determined by dividing 1000 ft3/min.
by the number of tanks in the farm (three tanks in SY Farm, two tanks each in AY and AZ
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Farms, six Tanks in AW Farm, seven Tanks in AN Farm and eight tanks in AP Farm). DST
ventilation systems provide a central discharge point for all of the tanks in a farm.

SST flow rates were taken from Table D-4 of HNF-3588, Rev. I with two exceptions:
" The ventilation rate shown for tank C-104 (114 m 3/h) is a measured flow rate. At the

time, C-104 was connected to an actively ventilated tank via a 3 inch diameter cascade
line. Since C-104 is no longer actively ventilated, a ventilation flow rate of 5 ft 3/min. is
assumed.

" SX Farm tanks were actively ventilated with an estimated flow rate of 170 m3/h. Since
the SX Farm tanks are no longer actively ventilated, a ventilation flow rate of 5 ft3/min. is
assumed.

If not listed in Table D-4 of HNF-3588, Rev. 1, large 100 Series SSTs are assumed to have a
ventilation flow rate of 5 ft3/min, and small 200 Series SSTs and catch tanks a ventilation flow
rate of 1.0 ft3/min.

4.3 Emission Rate Calculation
The release of a toxic air pollutant is determined by multiplying the concentration (mg/m 3) of the
toxic air pollutant in the tank's headspace by the ventilation flow rate (ft 3/min) and converting to
a release rate in g/sec. The worksheets for each toxic air pollutant were sorted to determine the
highest release rate.

For example, consider the release rate of a toxic air pollutant with a concentration of I
mg/m 3 in the headspace of a SST:

* Headspace concentration = 1 mg/m3

0 SST flow rate = 5 ft3/min
0 1 mg/M3 x 5 ft3/min = 5 Mg ft3 /m3 min
0 5 mg ft3 /m 3 min x (1 g/1000 mg) x (1 m 3/35.31 ft) x (I min/60 sec) = 2.36 x 10-6 g/sec

A further step is required for those toxic air pollutants where the highest concentration is
measured in a DST ventilation system. The release rate from a single tank needs to be
determined. The release rate for a toxic air pollutant where the highest concentration was
measured in a DST ventilation system is divided by the number of tanks in the tank farm. For
example, consider the release rate of a toxic air pollutant with a concentration of 1 mg/M3 in the
AW Farm ventilation system:

a Ventilation system concentration = 1 mg/m3

* DST ventilation system flow rate = 1,000 ft3/min
& 1 mg/M 3 x 1,000 ft/min = 1,000 mg ft3/m3 min
* 1,000 mg ft3/m3 min x (1 g/1000 mg) x (I m3/35.31 ft) x (1 min/60 sec) = 4.72 x 104

g/sec

To determine the release rate for a single tank, 4.72 x 10 4 see is divided by 6 (the number of
tanks in AW Farm) resulting in a release rate of 7.87 x 10 g/sec.
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For each toxic air pollutant, the SST or DST resulting in the highest per tank release rate (g/sec)
was selected.

Following the methodology in RPP-12735 Rev. 0B, the release rate for each toxic air pollutant
was multiplied by 10 to estimate the release rate from a tank with waste disturbing activities.
Based on Assumption 5, it is assumed that no more than two tanks in a DST farm have waste
disturbing activities occurring simultaneously; the remaining tanks have quiescent waste
conditions.

The release rates from a hypothetical "worst case tank" were determined assuming that the waste
responsible for each of the highest release rates was present in this tank. Based on Assumption 6,
it is then assumed that all tanks in a DST farm are "worst case" tanks.

The release of toxic air pollutants from a DST Farm is determined by summing the releases from
all tanks in the farm. With 8 tanks, AP Farm is then the bounding farm (three tanks in SY Farm,
two tanks each in AY and AZ Farms, six tanks in AW Farm and seven tanks in AN Farm). The
total release rate from AP Farm is calculated by summing releases from two tanks with waste
disturbing activity and six tanks with quiescent waste conditions (refer to "NOTE" in Section
1.0).

Polychlorinated biphenyls (PCBs) are regulated as a class and the total is determined by adding
the contributions of several compounds. None of the PCBs found in the tanks are individually
regulated as toxic air pollutants, but all are regulated as a group.

In addition to the toxic air pollutants, total organic carbon (TOC), total nitrogen oxides (NO,),
total sulfur oxides (SOx), carbon monoxide, and lead are listed as criteria air pollutants. TWINS
data includes total non-methane hydrocarbon measurements, which is reported here as TOC.
Total NO, is determined by summing the maximum nitrogen oxide (NO) value reported with the
maximum nitrogen dioxide (NO 2) value reported. Total SO, is reported in TWINS, but SO 2 is
not reported in TWINS. The maximum value for SOx reported in TWINS is used to evaluate
both SO, and SO 2 releases.

4.4 AERMOD Modeling
WAC-173-460-150 lists an averaging period, "acceptable source impact level" (ASIL), "small
quantity emission rate" (SQER), and "de minimis emissions" rate for each toxic air pollutant.
For comparison to the ASIL, the release rate is multiplied by a dispersion factor to determine
concentrations at the Hanford Site boundary.

Emission concentrations at the site boundary were estimated using dispersion factors from a
previous run of the EPA developed dispersion model, AERMOD, for the AN and AW
exhausters. The modeling results are preliminary and represent an initial estimate of off-site
concentrations. More refined modeling will be conducted as part of the NOC. The AERMOD
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model combines simple and complex terrain algorithms, and includes the Plume Rise Model

Enhancement (PRIME) algorithms to account for building downwash and cavity zone impacts.

The complete AERMOD modeling system is comprised of three parts: the AERMET pre-
processor, the AERMAP pre-processor, and the AERMOD model. The AERMET pre-processor

compiles the surface and upper-air meteorological data and formats the data for AERMOD input.

The AERMAP pre-processor is used to obtain elevation and controlling hill heights for

AERMOD input.

The AERMOD model was used with regulatory default options as recommended in the EPA
Guideline on Air Quality Models as listed below:

* Use stack-tip downwash
. Use of the PRIME algorithm for sources influenced by building downwash
. Use default wind profile exponents
. Use default vertical potential temperature gradients

Dispersion factors for 24-hour and annual average releases were developed on April 30, 2007
(Technical Memorandum, "AERMOD Dispersion Calculations", May 2, 2007):

Table 4-1: AN and AW AERMOD Modeling Results Dispersion Factors
Distance Distance

Annual from 24 Hour from

Source Dispersion Source to Dispersion Source to

Name Description Factor* Location Factor** Location
of of

(jpg/m3)/(g/sec) Maximum pg/m3)/(g/sec) Maximum
Impact Impact

2000 cfn, 10"
EIO_2000 diameter, 28' stack 0.05182 15 km east 1.10331 15 km east

height

1000 cfin, 6"
E6_1000 diameter, 17' stack 0.05548 15 km east 1.3288 15 km east

height

E6_500 500 cfin, 6" diameter, 0.05979 15 km east 1.81318 15 km east
_ ~17'_stack height ____________

1000 cfin, 6"

W6_l000N diameter, 17' stack 0.06092 14.8 km 1.5428 20.8 km
height, northern northwest north

release point

1000 cfin, 6"

W6_1000S diameter, 17' stack 0.05278 16.5 km 1.30867 22.9 km
height, southern northwest north

release point

500 cfin, 6" diameter, 14.7 km 20.5 km
W6_500N 17' stack height, 0.06836 northwest 2.07995 north

northern release point

500 cfin, 6" diameter, 16.3 km 22.7 km
W6_500S 17' stack height, 0.05732 northwest 1.72854 north

southern release point
*Annual averaging period - includes conversion factor to convert from g/s to pig/m 3
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**24 hour averaging period - includes conversion factor to convert from g/s to pg/rn 3

Based on the dispersion factors listed in Table 4-1, the W6_50ON source was used to determine a
preliminary estimate of concentrations at the Hanford Site boundary. The calculated DST farm
release rates in g/s are multiplied by the annual or 24 hour dispersion factors, as appropriate, to
determine the maximum concentration (pg/m 3) at the Hanford Site boundary. The averaging
periods listed in WAC-173-460-150 are 1-hr, 24-hr, and year, and these averaging periods were
used to determine which of the concentration values to use. The 24-hr value was used for those
toxic air pollutants with a 1-hr averaging period because 1-hour modeling data was not available.
The NOC will have the 1-hour modeling results.

The maximum concentration at the Hanford Site boundary is compared to the ASIL value listed
in WAC 173-460-150. The calculated DST farm release rate is converted to determine the total
release rate for the averaging period. The total release rate for the averaging period is then
compared to the SQER and de minimis values.

Maximum annual releases were also determined for the criteria air pollutants NO, SOX, TOCs,
lead and carbon monoxide. The annual release rates for these criteria pollutants are compared to
the de minimis values.

4.5 Spreadsheet Description

The spreadsheet includes worksheets in the following order:

* 1 Documentation worksheet

* 1 Summary worksheet

* 1 worksheet containing relevant WAC 173-460-150 information

* 1 Factor worksheet summarizing factors used in release rate calculations

a 108 worksheets with data from TWINS with one CAS # per worksheet

0 1 PCB summary worksheet

* 15 worksheets containing PCB data from TWINS

Documentation Worksheet

The Documentation worksheet includes a brief summary of the methodology and key
assumptions employed in spreadsheet development, identification of input information and
explanatory notes.

Summary Worksheet - Toxic Air Pollutants

On the Summary worksheet the flux (g/sec) from the CAS # worksheets (Column D) was
multiplied by the tank farm scaling factor (Column E), the number of seconds in the averaging
period and divided by 453.6 g/lb to determine the quantity (lbs) discharged per averaging period
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(Column I). Also calculated on the Summary worksheet is the offsite concentration (Column H)
which was determined by multiplying the flux from the tank (Column D), the tank farm scaling
factor (Column E) and the dispersion factor for the averaging period (Column G).

The offsite concentration was then compared to the ASIL limit (Column M) and the
lbs/averaging period was compared to the SQER and De Minimis limits (Columns N and 0,
respectively).

Summary Worksheet - Criteria Pollutants
On the Summary worksheet the flux (g/sec) from the CAS # worksheets (Column E) was
multiplied by the tank farm scaling factor (Column F), the number of seconds in the averaging
period and divided by 453.6 g/lb to determine the quantity (lbs) discharged per averaging period
(Column I). The lbs/averaging period was compared to the De Minimis limits (Column K).

CAS# Worksheets

Each of the CAS # worksheets includes the data from TWINS and a calculation determining the
flux rate (g/sec) for each data point (Column AE) based on the ventilation flow rate from the
tank where the sample was taken (Column AD) and the concentration of the toxic air pollutant in
mg/m 3 at 25 degrees C (Column L).

The spreadsheet contains two macros. The first macro, named "sort", sorts the first half of the
CAS # worksheets by flux rate from greatest to least. The second macro, named "sortb", sorts
the second half of the CAS # worksheets by flux rate from greatest to least. This allows the
Summary worksheet to select the maximum flux rate for each toxic air pollutant by referencing
the top line of data from each CAS # worksheet.

NOTE: the macros "sort" and "sortb" were employed to sort the CAS # worksheets by flux rate

from greatest to least for all toxic air pollutants and criteria pollutants except CAS# 630-08-0
(carbon monoxide). As explained in Section 7.0 (Treatment of Carbon Monoxide Data), use of

the procedure employed to calculate releases for all the other pollutants results in an excessively

conservative computed carbon monoxide "Local Release

PCB Summary Worksheet

The PCB summary worksheet combines the data from the PCB data worksheets to provide a
combined PCB concentration.

5.0 TEST PLAN

5.1 Methodology Selected for Verification
Verification of the spreadsheet was accomplished by hand calculations to ensure the spreadsheet
formulas produce the correct results. Calculations to verify the spreadsheet calculations for
ethylbenzene (Chemical ID 100-41-4) were accomplished by hand using a digital calculator.
Spreadsheet calculations for all the other toxic air pollutants listed in the Summary worksheet are
performed in a manner identical to that for ethylbenzene. Therefore, verifying the spreadsheet
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calculations for ethylbenzene effectively verifies the spreadsheet calculations for all toxic air
pollutants listed in the Summary worksheet. The hand calculations are appended to Spreadsheet
Verification and Release Form SVF-1821, Rev. 2.

5.2 Rationale for Methodology Selected for Verification
Calculations performed in the spreadsheet are limited to simple multiplications involving three to
six factors (including unit conversion factors). Hand calculations provide the most direct and
transparent method of spreadsheet verification.

5.3 Test Approach
Data for ethylbenzene, the first toxic air pollutant listed on the Summary worksheet, was used to
ensure the spreadsheet formulas produce the correct results. The maximum headspace
concentration for ethylbenzene (0.26 mg/i 3) listed in worksheet 100-41-4 (Column L, Line 2)
was multiplied by the AW Farm ventilation flow rate (167.6667 ft 3/min) listed in the Factors
worksheet (Column C, Line 189), and appropriate unit conversion factors, to determine the
release rate (flux) of ethylbenzene (2.0457 E-05 g/sec). This verifies the spreadsheet calculation
of 2.0451 E-05 g/sec, shown in Column AE, Line 2 of worksheet 100-41-4, within 0.0313%. The
Summary worksheet acquires flux values in Column D, via a lookup procedure, from Column
AE, Line 2 of each toxic air pollutant worksheet. The flux for ethylbenzene appears in Column
D, Line 4 of the Summary worksheet.

The Maximum Offsite Concentrations (Ag/m 3) of toxic air pollutants in Column H of the
Summary worksheet are computed by multiplying the respective entries in Columns D, E and G.
For ethylbenzene, the spreadsheet calculation is 3.6349 E-05 pg/m 3. The hand calculated value is
3.6360 pg/M3 which verifies the spreadsheet calculation within 0.0313%.

The Local Releases (lb/averaging period) of toxic air pollutants in Column I of the Summary
worksheet are computed by multiplying the respective entries in Columns D and E, times the
number of seconds in the averaging period (31,557,600 seconds/year for ethylbenzene), and
converting units from grams to pounds. For ethylbenzene the spreadsheet calculation is 36.9930
lb/yr. The hand calculated value is 37.0046 jtg/m3 which verifies the spreadsheet calculation
within 0.0313%.

The "Exceeds ASIL" decision in Column M of the Summary worksheet is made for each toxic
air pollutant by determining if the respective value in Column H exceeds the respective value in
Column J (e.g. value in Column H/value in Column J;> 1). The hand calculation indicates that
the value in Column H/value in Column J = 9.1 E-05 for ethylbenzene. The spreadsheet correctly
indicates that the answer to "Exceeds ASIL" is "No".

The "Exceeds SQER" decision in Column N of the Summary worksheet is made for each toxic
air pollutant by determining if the respective value in Column I exceeds the respective value in
Column K (e.g. value in Column I/value in Column K > 1). The hand calculation indicates that
the value in Column I/value in Column K = 0.4818 for ethylbenzene. The spreadsheet correctly
indicates that the answer to "Exceeds SQER" is "No".
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The "Exceeds De Minimis" decision in Column 0 of the Summary worksheet is made for each

toxic air pollutant by determining if the respective value in Column I exceeds the respective

value in Column L (e.g. value in Column I/value in Column L ;> 1). The hand calculation

indicates that the value in Column I/value in Column L = 9.6366 for ethylbenzene. The

spreadsheet correctly indicates that the answer to "Exceeds De Minimis" is "Yes".

5.4 Minimum Documentation Required for Test Execution and Results
The hand calculations for ethylbenzene (Chemical ID 100-41-4) appended to Spreadsheet

Verification and Release Form SVF- 1821, Rev. 2 represent necessary and sufficient

documentation for test execution and trie. elnd eg41atiqns hegg# gpradsheet

formulas produce the correct results.

6.0 Computer Software Use and Verification

The spreadsheet was developed in MS Excel 2003* and MS Excel 2007*. The file name of the

spreadsheet is Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsm.SVF- 1821, Rev. 2 documents verification of the spreadsheet.

The spreadsheet has been registered in HISI.

7.0 Results

Toxic Air Pollutants

The Summary worksheet includes all the toxic air pollutants found in TWINS that are listed in

WAC 173-460-150 along with the maximum release expected. The Summary worksheet

includes the tank which produces the highest calculated flux and pounds per averaging period for

each toxic air pollutant. The Summary worksheet also shows which toxic air pollutants exceed

the ASIL, SQER, and De Minimis values. Toxic air pollutants exceeding at least one of these

limits are summarized in the table below.

Table 7-1: Summary of Tank Farm Emission Rate to WAC 173-460-150 Threshold Levels.

Exceeds Exceeds Exceeds De

WAC 173-460-150 Name Tank Name ASIL SQER Minimis

Ethylbenzene AW Ventilation No No Yes

Benzyl Chloride 241-BY-107 No No Yes

n-Nitroso-n-methylethylamine 241-AP-106 No Yes Yes

1,4-Dichlorobenzene 241-BY-101 No No Yes

1,2-Dibromoethane 241-BY-108 No No Yes

1,3-Butadiene 241-BY-108 No Yes Yes

1,2-Dichloroethane 241-SY-102 No Yes Yes

Acrylonitrile 241-BY-106 No No Yes

1,4-Dioxane 241-AN-106 No No Yes

Perchloroethylene 241-SY-102 No Yes Yes

Polychlorinated Biphenyls (PCBs) PCB No Yes Yes

n-Nitrosodiethylamine 241-AP-106 No Yes Yes
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Carbon Tetrachloride 241 -SY- 102 No Yes Yes
n-Nitrosomorpholine 241-U-108 No Yes Yes
Dimethyl Mercury 241-U-105 Yes Yes Yes
n-Nitrosodimethylamine 241-AP-102 No Yes Yes
n-Nitrosodi-n-propylamine 241-AP-106 No No Yes
Chloroform 241-SY-102 No Yes Yes
Hexachloroethane 241 -SY- 102 No Yes Yes
Benzene 241-SY-102 No Yes Yes
Manganese & Compounds AP Ventilation No No Yes
Mercury, Elemental 241-C-104 No No Yes
Arsenic & Inorganic Arsenic Compounds AP Ventilation No Yes Yes
Beryllium & Compounds (NOS) AP Ventilation No Yes Yes
Cadmium & Compounds AP Ventilation No Yes Yes
Chromium Hexavalent: Soluble, except
Chromic Trioxide 241-C-104 No Yes Yes
Cobalt AP Ventilation No No Yes
Vinyl Chloride 241-SY-102 No Yes Yes
Acetaldehyde 241-AY-102 No Yes Yes
Dichloromethane 241-BY-108 No Yes Yes
Ethylene oxide 241-TY-104 No No Yes
Ammonia 241-SY-102 No Yes Yes
1,2-Dichloropropane 241-BY-108 No No Yes
1,1,2-Trichloroethane 241-SY-102 No Yes Yes
Trichloroethylene 241-SY-102 No No Yes
Acrylic Acid 241-C-103 No No Yes
1,1,2,2-Tetrachioroethane 241-SY-102 No Yes Yes
Hexachlorobutadiene 241-SY-102 No Yes Yes
Naphthalene 241-T-111 No No Yes
n-Nitroso-di-n-butylamine 241-AP-106 No No Yes
n-Nitrosopyrrolidine 241-AP-106 No No Yes

Dimethyl mercury is the only toxic air pollutant that exceeds the ASIL value. The maximum
concentrations of all other toxic air pollutants are below the ASIL values.

The total release for the averaging period exceeds the de minimis values for forty-one toxic air
pollutants. Of these forty-one, twenty-four also exceed SQER values.

Criteria Pollutants

The annual release rates of criteria pollutants were also determined and compared to de minimis
values. Only TOC exceeds the de minimis value (Line 103, Column K of the Summary
worksheet). The annual releases of NO, SO, lead and carbon monoxide were less than their
respective de minimis values.

Treatment of Ammonia Data

The highest calculated flux of ammonia is from tank SY-102 based on a sample taken September
12, 2000. The reported ammonia concentration is 383.6 mg/M3 (Line 2, Column L of worksheet
7664-41-7). Saltwell pumping of waste from tank U-103 to tank SY-102 was in progress at the
time, resulting in disturbed waste conditions. The 383.6 mg/M3 ammonia concentration was
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divided by 10 to account for the disturbed waste conditions, resulting in an ammonia
concentration for quiescent waste conditions of 38.4 mg/m3. This concentration results in a per
tank flux of 0.00603 g/s. Multiplying by 26 results in an ammonia release of 29.9 lb/day and a
maximum offsite concentration of 0.326 pg/ m3 (Line 116, Column I and Line 116, Column H of
the Summary worksheet, respectively).

An ammonia sample from the SY Farm ventilation system taken August 30, 2000 results in the
highest per tank flux when the September 12, 2000 sample from tank SY-102 is adjusted to
account for disturbed waste conditions. The reported ammonia concentration for the August 30,
2000 sample is 307.7 mg/M3 (Line 4, Column L of worksheet 7664-41-7). Saltwell pumping of
waste from tank U-103 to tank SY-102 was in progress at the time, resulting in disturbed waste
conditions. However, since tanks SY-101 and SY-103 were not subject to disturbed waste
conditions, it is assumed only SY-102 contributed to the reported ventilation system ammonia
concentration. Therefore, the ventilation system ammonia concentration of 307.7 mg/m3 was
multiplied by 3, resulting in a tank SY-102 ammonia concentration of 923 mg/M3. The 923
mg/M3 ammonia concentration was divided by 10 to account for the disturbed waste conditions,
resulting in an ammonia concentration for quiescent waste conditions of 92.3 mg/m3 . This
concentration results in a per tank flux of 0.01452 g/s. Multiplying by 26 results in an ammonia
release of 71.9 lb/day and a maximum offsite concentration of 0.785 pig/ m 3 (Line 117, Column I
and Line 117, Column H of the Summary worksheet, respectively).

Based on this analysis, "Local Release" and "Maximum Offsite Concentration" for ammonia are
based on the August 30, 2000 SY Farm ventilation system sampling event (Line 117 of the
Summary worksheet).

Treatment of Carbon Monoxide Data

The "Local Release (lb/yr)" for carbon monoxide (Chemical ID 630-08-0) on Line 47 and Lines
110 and 111 of the Summary worksheet requires clarification. The "Local Release" on Line 110
is based on a sample obtained from tank 241-SY-102 on March 18, 1998. "Local Release" is
computed to be 3.26E+04 lb/yr, a factor of 3.26 greater than the annual de minimis release rate
of 10,000 lb/yr. This is the result of equating a "reported value" to a detection limit ("less than
value") when the detection limit is the maximum value reported for the toxic air pollutant. This
procedure results in an excessively conservative computed carbon monoxide "Local Release".

Review of worksheet 630-08-0 indicates that all double-shell-tank and double-shell-tank
ventilation system results reported for carbon monoxide are detection limits. Unlike hydrogen
and ammonia, there is no known mechanism to produce significant amounts of carbon monoxide
in tank waste.

A more reasonable, but yet conservative, estimate for carbon monoxide "Local Release" is
provided by a sample obtained from tank 241-A- 106 on January 16, 1997 (Line 47 and Line 111
of the Summary worksheet). Carbon monoxide concentration is reported to be 100 ppmv (Line
506, Column G of worksheet 630-08-0), the highest concentration of carbon monoxide reported
on worksheet 630-08-0. "Local Release" is computed to be 997 lb/yr which is less than 10% of
the de minimis release rate.
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Based on this analysis, it is concluded that the emission of carbon monoxide will not exceed the
annual de minimis release rate (Line 47 and Line 111 of the Summary worksheet).

8.0 Configuration Management

The master copy of the Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsm spreadsheet is maintained in the Integrated Document
Management System (IDMS).

9.0 Qualification
No additional qualifications are required for the spreadsheet developer/owner and verifier in
addition to those identified in TFC-ENG-DESIGN-C-32.
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EXECUTIVE SUMMARY
This report is an evaluation of Best Available Control Technology for Toxics (tBACT) for
installation and operation of the Hanford double shell tank (DST) primary ventilation systems.
The DST primary ventilation systems are being modified to support Hanford's waste retrieval,
mixing, and delivery of single shell tank (SST) and DST waste through the DST storage system
to the Waste Treatment and Immobilization Plant (WTP). The retrieval, pumping, and mixing of
waste are expected to increase emissions of toxic air pollutants (TAPs) as defined in Washington
Administrative Code (WAC) 173-460-150, Controlsfor New Sources of Toxic Air Pollutants.
WAC 173-460-150 provides acceptable source impact levels (ASILs), small quantity emission
rates (SQERs), and de minimis values for each TAP. WAC 173-460-060(2), Emission Standards
for New and Modified Emission Units, requires that tBACT be employed for all TAPs for which
the increase in emissions exceed the de minimis values.

The process used in this tBACT evaluation was similar to that prior process used, documented,
and approved by Ecology in the following tBACT evaluations.

" Letter July 31, 2007, J.A. Hedges to S Olinger, Approval of Criteria and Toxic Emissions
Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval,
Approval Order DE05NWP-002 Rev. 2.

" Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic
Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval
Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C
Tank Farm, Approval Order DE05NWP-002, Rev. 1.

" Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air
emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and
AW Tank Farms, Approval Order DE05NWP-001.

The development of this tBACT followed guidance provided from Washington State Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) for the process to
determine best available control technologies (BACT). This tBACT follows the five-step BACT
process, the steps are the following.

e Step 1 - Identify all available control technologies for each pollutant subject to review.
e Step 2 - Eliminate all technically infeasible control technologies.
e Step 3 - Rank the remaining control technologies by control effectiveness.
" Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
* Step 5 - Select as tBACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.

This tBACT evaluation addresses 41 TAPs that exceed the de minimis values. TAPs with similar
chemical and physical properties were placed into groups with the assumption that similar
control technologies would be effective in abatement. The four separate groups that exceeded de
minimis values were as follows:

* Ammonia
" Toxic organic compounds
" Mercury and mercury related compounds
" Particulate metal compounds.
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After a detailed evaluation of the four TAPs and/or groups and the effectiveness and costs of
emission control technologies for each, a $/ton cost was determined to implement a control
technology as identified in Table ES-1. Most of the identified technologies were eliminated,
because their $/ton costs exceeded the cost ceiling guidelines previously approved by Ecology
and EPA as economically unjustifiable. Although the evaluated technology would remove 98-
99% of the pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the
low emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
High Efficiency Particulate Air (HEPA) filtration system in the treatment train.

This tBACT evaluation is one part of the Notice of Construction (NOC) application that will be
submitted to Ecology. It provides information on TAP emissions, control technologies proposed,
why they were proposed, or why a technology was not feasible for mitigation of toxic emissions
during DST waste operations.

i oxic urganic tompounas

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Ammonia

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Scrubber

Mercury and Mercury Related
Compounds

Activated Treated Carbon
Adsorption

Particulate Metal Compounds

$2,925,000 0.481

$790,000

$2,925,000

$5,148,000

$7,583,000

$92,000

0.481

13.12

13.12

13.12

2.61E-04

$6,081,000 $105,000

$1,643,000 $105,000

$223,000

$392,000

$577,000

$352,000,000

$105,000

$105,000

$105,000

$105,000

Particulate metal compounds are removed by the required particulate filtration train
for removal of radionuclides at a 99.95% removal rate.

Notes:
aCost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons).
bSee Section 2, tBACT Methodology, for a detailed discussion.
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Terms, Acronyms, and Abbreviations

ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASIL Acceptable Source Impact Level
BACT Best Available Control Technology
BARCT Best Available Radionuclide Control Technology
CAA Clean Air Act
CAS# Chemical Abstract Service Registration Number
CFM Cubic Feet Per Minute
CFR Code of Federal Regulations
DF Decontamination Factor
DOE Department of Energy
DOE-ORP Department of Energy, Office of River Protection
DST Double Shell Tank
Ecology Washington State Department of Ecology
ETF Effluent Treatment Facility
EPA Environmental Protection Agency
ERDF Environmental Restoration Disposal Facility
Ft Foot
HEPA High-Efficiency Particulate Air (Filter)
IAC Impregnated Activated Carbon
LAER Lowest Achievable Emission Rate
Lbs Pounds
LEL Lower Explosive Limit
MTZ Mass Transfer Zone
NOC Notice of Construction
NOx Compounds of Nitrogen and Oxygen
NRC National Research Council
NSR New Source Review
RCW Revised Code of Washington
RSD Relative Standard Deviation
SQER Small Quantity Emission Rate
SST Single Shell Tank
TAPs Toxic Air Pollutants
tBACT Best Available Control Technology for Toxics
TOC Total Organic Carbon
TWINS Tank Waste Information Network System
VOC Volatile Organic Compounds
WAC Washington Administrative Code
WRPS Washington River Protection Solutions, LLC
WTP Waste Treatment and Immobilization Plant
Yr Year
$ U.S. Dollars
$/yr U.S. dollars per year
mg/m 3  milligrams per cubic meter

pg/m3 micrograms per cubic meter
g/sec gram per second
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1.0 INTRODUCTION
The waste feed delivery mission requires all single shell tank (SST) wastes be transferred to the
double shell tank (DST) system for future delivery to the Waste Treatment and Immobilization
Plant (WTP). In preparation for this mission, new primary ventilation systems are being planned
and designed for each DST farm. The first such primary ventilation system will replace the
current primary ventilation system installed in the SY-241 Tank Farm.

Currently, DST farms are exhausted through a primary ventilation system that serves as a
containment system for radioactive particulates present in the tank headspace, vents flammable
gases and vapors that evolve from the liquid surface in the DSTs, and removes heat. The
ventilation system operates by drawing outside air into and through the tank headspace. After the
air leaves the headspace, the ventilation system conditions the outlet stream to remove entrained
moisture, reduce relative humidity, and filter particulates. During exhaust it is discharged to
atmosphere through the stack, the exhaust is monitored and sampled for radioactive particulates.

The new DST farm primary ventilation systems will replace the existing two parallel exhaust
trains with two new parallel exhaust trains, each capable of providing up to nominally 2,000
ft3/min (standard) and maximum 3,000 ft3/min (standard) exhaust flow. Primary ventilation
systems are operated during all storage, treatment, retrieval, and transfer operations of the waste
contained in the DSTs.

The new replacement primary ventilation systems are considered modifications to the DST
system and require a new air source review in accordance with WAC 173-460-040, Controls of
New Sources ofAir Toxic Pollutants and WAC 173-400-110, New Source Review (NSR). In
addition, a Notice of Construction (NOC) permit application is required if there are new
pollutants emissions or if increases exceed the de minimis values listed in WAC 173-460-150,
Controls for New Sources of Toxic Air Pollutant. In addition, an NOC application for all new or
modified toxic air pollutant sources must demonstrate that the new or modified emission units
employ tBACT for all toxic air pollutants (TAPs) where the increase in emissions exceed the de
minimis emission values found in WAC 173-460-150.

RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source

Term for 241-SY Farm and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010)

and SVF-1821, Rev 1, Non-RadAir Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsx (May 2010) assessed unabated emissions to the DST farm
primary ventilation systems. Several pollutants exceeded the WAC 173-460-150 de minimis
values and one pollutant (dimethyl mercury) exceeded the Acceptable Source Impact Level
(ASIL).

This tBACT evaluation is one part of the NOC application. It provides information on toxic air
pollutant (TAP) emissions, control technologies proposed, why they were proposed, or why a
technology was not feasible for mitigation of toxic emissions during DST waste operations.

Page 1
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2.0 REGULATORY REQUIR[1ENTS AND METHODOLOGY

WAC 173-460-020 defines "Best available control technology for toxics (tBACT)" as that term
is defined in WAC 173-400-030, as applied to toxic air pollutants. Toxic air pollutants are
defined as any toxic air pollutant listed in WAC 173-460-150.

WAC-173-400-030, defines "Best available control technology (BACT)" as:

"An emission limitation based on the maximum degree of reduction for each air pollutant
subject to regulation under chapter 70.94 RCW emitted from or which results from any
new or modified stationary source, which the permitting authority, on a case-by-case
basis, taking into account energy, environmental, and economic impacts and other costs,
determines is achievable for such source or modification through application of
production processes and available methods, systems, and techniques, including fuel
cleaning, clean fuels, or treatment or innovative fuel combustion techniques for control of
each such pollutant. In no event shall application of "best available control technology"
result in emissions of any pollutants which will exceed the emissions allowed by any
applicable standard under 40 CFR Part 60 and Part 61. Emissions from any source
utilizing clean fuels, or any other means, to comply with this paragraph shall not be
allowed to increase above levels that would have been required under the definition of
BACT in the Federal Clean Air Act as it existed prior to enactment of the Clean Air Act
Amendments of 1990."

This tBACT demonstration is a modification of EPA's BACT analysis procedure delineated in
the New Source Review Workshop Manual, Prevention of Signficant Deterioration and
Nonattainment Area Permitting (EPA, 1990). It is commonly referred to as the EPA Puzzle
Book. There are five basic steps to EPA's "top-down" BACT process for evaluation of pollutant
emission control technologies. These steps include the following:

* Step 1 - Identify all available control technologies for each pollutant subject to review.
" Step 2 - Eliminate all technically infeasible control technologies.
e Step 3 - Rank the remaining control technologies by control effectiveness.
* Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
* Step 5 - Select as BACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.
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Each step is described below:

Step 1: Identifies all commercially available toxic air emission control options. This step
involves a search for available technologies that can reduce the emission levels for the toxic
contaminants of concern. Technologies required under previously completed lowest achievable
emission rate (LAER) determinations are available for BACT purposes and are also included as
control alternatives. They usually represent the "top" alternative (the highest emission reduction).
The information sources used to identify control technologies include:

* Previous BACT and tBACT demonstrations.
" EPA's reasonably available control technology (RACT)/BACT/LAER Clearinghouses.
" Regulatory authorities.
" Federal, State and local new source review (NSR) permits.
- Control technology vendors.
e Literature search.
- Internet Searches.
" Similar commercial government applications.

Step 2: Eliminates all of the above identified technically infeasible options and develops a short
list of control technologies for further analysis. Screening criteria is applied to eliminate any
control technology that is not available (cannot be obtained commercially) or not applicable
(able to be reasonably installed and operated for control of tank farm process emissions). The
determination of feasibility is based on evaluating vendor specifications and commercial or
government application experience data for available control technologies previously identified.
If a control technology has been installed and operated successfully on emissions with similar
chemical and physical characteristics to those from processes that are being evaluated, it is
demonstrated and is technically feasible.

The screening criteria developed for application to the suite of control technologies are as
follows:

* The control technology has not been demonstrated at sufficient scale or removal efficiency for
the application.

e The control technology introduces additional hazards above and beyond the primary control
hazard.

" The control technology uses materials of construction that are unsuitable in a radiation field
anticipated during operations or impact the integrity of materials of construction (i.e.,
corrosion) and no suitable alternative materials can be substituted.

e The control technology would be very difficult to modify for applicable field operations and
maintenance activities anticipated during operations.

* Control technology would generate secondary waste streams.
* The control technology requires testability requirements where extraordinary measures would

be required to ensure operational performance.

Step 3: Ranks the remaining control technologies in order of effectiveness for each unabated
emission off gas stream under evaluation. The most effective control technology is ranked at the
top.

Step 4: Evaluates economic impacts for highly-ranked applicable technologies for each unabated
emission off gas stream analyzed. The purpose of the economic evaluations is to determine and
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compare "cost reasonableness" ($/ton pollutant reduction) of the highly ranked technologies, in
order, to determine whether impacts were acceptable. The economic analyses include factors for
environmental impacts (e.g., secondary waste treatment, disposal costs) and energy impacts (e.g.,
utility costs). These economic impacts are based on average and incremental cost effectiveness
or reasonableness of these analyses, expressed as cost per ton of pollutant removed. In addition,
impacts on worker health and safety, such as labor for equipment maintenance, can be included.

Step 5: The control technology with the highest control efficiency is evaluated first for tBACT.
If this technology is found to have acceptable energy, environmental, or economic impacts, then
it is proposed as tBACT and no further analysis is necessary. If the top technology is shown to be
inappropriate, based on energy, environmental, or economic impacts, the applicant must fully
document the justification for this conclusion. Then the next most effective control technology
on the list becomes the new candidate and is similarly evaluated. This process continues until the
technology under consideration cannot be eliminated due to energy, environmental, or economic
impacts, which would demonstrate the technology to be appropriate as tBACT.

General Approach to Economic Impact Evaluation
An economic determination is made whether there is any unacceptable environmental, energy, or
economic impacts for the highest ranked technology. If there are no unacceptable impacts, then
the highest ranked technology is proposed as tBACT for each unabated off gas stream. Economic
evaluations are performed consistently across all technologies, and are rough order of magnitude
cost estimates and employ the procedure found in the Office ofAir Quality Planning and
Standards Air Pollution Control Cost Manual, Sixth Edition (EPA, 2002). The results of the
economic analyses are included as cost tables.

The economic impacts of the control technology options are evaluated by calculating the cost
effectiveness. This calculation is performed by estimating the total annualized cost of control
($/yr) and dividing by the annual amount of emission reduction that would be achieved (tons/yr).
The resulting cost effectiveness value ($/ton) is compared to costs for similar applications and to
guidance provided by regulatory agencies.

Typically, cost effectiveness evaluations are compared to survey values compiled by Federal and
State regulatory agencies. In general, tBACT cost effectiveness for pollutants are considered
relative to "Plateau" and "Ceiling" values. Plateau level values are those below which a control
technology is rarely thrown out as economically unjustifiable. The tBACT cost Ceiling value is a
value above which a control technology is rarely judged economically justifiable. No similar cost
guidance has been developed for tBACT. However, previous tBACT evaluations submitted from
Hanford and approved by Ecology have used an additional factor for determination of cost
ceiling values. These previous tBACT evaluations are as follows:

* Letter July 31, 2007, J.A. Hedges to S. Olinger, Approval of Criteria and Toxic Emissions
Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval,
Approval Order DE05NWP-002 Rev. 2.

" Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic
Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval
Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C
Tank Farm, Approval Order DE05NWP-002, Rev. 1.
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Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air
emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and

AW Tank Farms, Approval Order DE05NWP-001.

The maximum previous plateau tBACT value was $5,700/ton and the maximum ceiling value

was S 10,500/ton. The additional tBACT factors used in the previous tBACT evaluations were

based upon two options. These options took into account the toxicity and carcinogenicity of the

various TAPs to scale the tBACT cost factors to reflect the hazards of these pollutants based

upon either the classification of each TAP (Class A or B) or the ASIL associated with each TAP.

Option 1: The first option used in the previous tBACT evaluations refers to the Class A and

Class B TAP classification defined in the previous (prior to June 20, 2009) WAC 173-460
regulation. For Class A TAPs, the "Plateau" and "Ceiling" values were multiplied by a factor of

10. For Class B TAPs, the "Plateau" and "Ceiling" values were multiplied by a factor of 5.

As of June 20, 2009, the revised WAC 173-460-150 no longer uses the Class A and Class B

designations for identification of TAPs to use this method, however, it was noted that the

previous Class A TAPs had, for the most part, annual averaging periods and Class B TAPs had

24-hour averaging periods. The current version of the regulations use annual. 24-hour, and

hourly averaging periods and no longer designate Class A and B. None of the TAPs with hourly

averaging periods were above the de minimis.

The "Plateau" and "Ceiling" values used for all current TAPs with annual averaging periods

were multiplied by a factor of 10. Table 2-1 takes the highest "Plateau" of $5,700 and the

"Ceiling" of Sl0,500 values from the previous tBACTs and multiplies these by the factors of 5
and 10 to demonstrate this tBACT adjustment described above.

Table 2-1. tBACT Cost Factors
Cost Effectiveness Threshold ($/ton)

Method Cost Factor Plateau Ceiling
Toxic Air Pollutants (TAP) Classification

Annual Averaging TAP 10 S57,000 S105,000

24-hour Averaging TAP 5 $28,500 S52,500

Option 2: The second option used in the previous tBACT evaluations for assessing tBACT cost

effectiveness was based on individual pollutant ASILs and involves calculating a pollutant-

specific cost factor using the following:

Cost Factor = logl (27,000 + ASIL)

The cost effectiveness thresholds for tBACT "Plateau" and "Ceiling" values were then

determined for each pollutant by multiplying the maximum pollutant "Plateau" and "Ceiling"

values by the pollutant-specific cost factor. Table 2-2 demonstrates these cost factors for all

pollutants determined to be above the de minimis for purposes of this tBACT evaluation.

Designated Methodology: All of the tBACT cost factors from Option 2 were under a factor of

10, except for dimethyl mercury. A multiplier of 10 was determined to be the upper limit for

adjustment of the previously used tBACT "Plateau" and "Ceiling" values. The upper and

bounding "Plateau" and "Ceiling" values used for this tBACT evaluation were then S57,000/ton

and $105,000/ton respectively.
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ASIL ASIL Based Cost Factor
Compound Name (pIg/rm 3) (Cost Factor =loglO(27,000/ASIL)
Ammonia 70.8 2.6
Particulate Metal Compounds
Arsenic & Inorganic Arsenic Compounds 0.000303 7.9
Beryllium & Compounds (NOS) 0.000417 7.8
Cadmium & Compounds 0.000238 8.1
Chromium Hexavalent: Soluble, except Chromic Trioxide 6.67E-6 9.6
Cobalt 0.1 5.4
Manganese & Compounds 0.04 5.8
Mercury Compounds
Mercury, Elemental 0.09 5.5
Dimethyl Mercury 1.OOE-99 103.4
Organic Compounds
1,1,2,2-Tetrachloroethane 0.0172 6.2
1,1,2-Trichloroethane 0.0625 5.6
1,2-Dibromoethane 0.0141 6.3
1,2-Dichloroethane 0.0385 5.8
1,2-Dichloropropane 0.1 5.4
1,3-Butadiene 0.00588 6.7
1,4-Dichlorobenzene 0.0909 5.5
1,4-Dioxane 0.13 5.3
Acetaldehyde 0.37 4.9
Acrylic Acid 1 4.4
Acrylonitrile 0.00345 6.9
Benzene 0.0345 5.9
Benzyl Chloride 0.0204 6.1
Carbon Tetrachloride 0.0238 6.1
Chloroform 0.0435 5.8
Dichloromethane 1 4.4
Ethylbenzene 0.4 4.8
Ethylene oxide 0.01 14 6.4
Hexachlorobutadiene 0.0455 5.8
Hexachloroethane 0.0909 5.5
Naphthalene 0.0294 6.0
n-Nitrosodiethylamine I.OOE-04 8.4
n-Nitrosodimethylamine 0.000217 8.1
n-Nitroso-di-n-butylamine 0.000323 7.9
n-Nitrosodi-n-propylamine 0.0005 7.7
n-Nitrosomorpholine 0.000526 7.7
n-Nitroso-n-methylethylamine 0.000159 8.2
n-Nitrosopyrrolidine 0.00167 7.2
Perchloroethylene 0.169 5.2
Polychlorinated Biphenyls (PCBs) 0.00175 7.2
Trichloroethylene 0.5 4.7
Vinyl Chloride 0.0128 6.3
Source: RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source Term for 241-SY Farm
and 241 -AP Farm Primary Ventilation Systems Upgrades (May 2010) and SVF- 1821. Rev 1, Non-Rad Air Source Term for 241-
SY Farm and 241-AP Farm Primary Ventilation System Upgrades.xlsm (May 2010)
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System Description
Figure 3-1 shows overall configuration of the Hanford tank farms that are located in the 200
East and 200 West area of the Hanford Site. The DST farms are used for storage, treatment,
retrieval, and transfer of the tank waste., including future transfers to the WTP.

Each DST farm currently exhausts emissions through a primary ventilation system. These
primary ventilation systems serve as a containment system for radioactive particulates present in
the tank headspace, vent flammable gases and vapors that evolve from the liquid surface in the
DSTs, and remove heat. The system operates by drawing outside air into and through the tank
headspace. After the air leaves the headspace, the ventilation system conditions the outlet stream
to remove entrained moisture, reduces relative humidity, and filters particulates. During exhaust
discharge to atmosphere through the stack, the exhaust is monitored and sampled for radioactive
particulates.

Ventilation system upgrades for each of the DST farms are needed for operational reliability and
to support future waste feed delivery for the WTP. The primary ventilation system upgrades
includes design, fabrication, installation, and construction acceptance testing. Each Tank Farm
will have two parallel systems to include exhausters, deentrainer, heater, pre-filter, HEPA filter
trains (two in series), fan, exhaust stack, ventilation system ducting, and stack and associated
stack monitoring equipment including record samplers, continuous air monitors and other
detectors.

Figure 3-1. Location of Tank Farms in 200 East and 200 West Areas of the Hanford Site
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Currently, the primary ventilation system requirements are:

* Remove heat from the primary tank by removing water vapors from the headspace.
" Confine materials by maintaining vacuum conditions within the tank.
* Remove moisture from the exhaust air by condensation and de-entrainment.
* Remove radioactive particulate materials from the gaseous effluent.
* Remove flammable gases from the primary tank vapor space.

The major components of the current primary ventilation subsystem include: filtration,
fan/blower, stack, and monitoring and control instruments as shown in Figure 3-2. The exhaust
fans maintain a negative pressure on the tanks, thereby eliminating fugitive emissions, maintain
an adequate airflow for cooling of the tanks, and remove any accumulated flammable gases. In
the event of a failure of the operating filtration train and/or exhaust fan, the standby filter bank
and exhaust fan are activated.

An exhaust air cooler is optionally placed in the flow stream between the storage tanks and the
deentrainer (moisture separator). The function of the cooler is to reduce the temperature of the air
stream so as not to exceed the maximum operating temperature of the stack monitoring and
control system. Moisture is removed by the primary ventilation system via the deentrainer.
Collected condensate is returned to a designated DST in the farm. The system reduces the
relative humidity by heating the exhaust air stream before it enters the prefilter and the HEPA
filters. The prefilter removes the large particulates and reduces the load on the HEPA filters.
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Two HEPA filters are used in series; these filters are test qualified by the manufacturer to
comply with ASME AG-1, Section FC, and remove 99.97% of particulate greater or smaller than
0.3 microns.

The exhauster train has a centrifugal fan, which induces the air flow through the DSTs to the
HEPA filters. It is located downstream of the HEPA filters and discharges into the stack. Each
train is self contained; each exhaust system has its own stack.

Source Term
The source term data used for this tBACT demonstration is documented in RPP-RPT-44009 and
SVF-1821. The source term assesses potential release rates of hazardous chemicals to double-
shell tank farm ventilation exhausters during waste storage operations and operations supporting
waste feed delivery to the WTP. The source term is bounded by potential releases of hazardous
chemicals from 241 -AP Farm as discussed below. The following methodology was used to
determine the Hanford DST farm source term:

* Compare WAC-173-460-150, Table of ASIL, SQER andDe Minimis Values and Tank Waste
Information Network System (TWINS) listed substances by common name and by Chemical
Abstract Service registration number (CAS#). CAS#s were used to sort and match the listing
of CAS#s found in TWINS.

* TWINS data is for both SSTs and DSTs
" Extract common entries for evaluation as a TAP and calculate release rates for each by

multiplying measured headspace concentrations by the headspace ventilation flow rate.
. Equate potential release rate of each to the highest calculated release rate.
" Increase potential release rates for tanks with waste disturbing activity (waste transfer or waste

mixing operations) by a factor of ten to account for the increased headspace concentration.
Assume that up to two tanks in a farm have waste disturbing activities in progress and that the
waste in the remaining tanks experience quiescent conditions.

" Select the DST Farm with the largest number of tanks (e.g. 241-AP Farm with eight tanks).
* Determine the source term multiplier for the selected tank farm [for 241-AP Farm: two tanks

with waste disturbing activity (2 x 10 = 20) plus six tanks with quiescent waste conditions (6 x
1 = 6) for a total source term multiplier of 26].

* The bounding DST farm source term for each hazardous chemical is equal to the highest
calculated release rate multiplied by 26.

Approximately 90 chemical compounds were identified as TAPs. Of the 90 identified TAPs, 41
were identified to be above the de minimis values in accordance with WAC-173-460-150 (Table
of ASIL, SQER, and De Mininmis Values). These 41 TAPs are listed in Table 3-1. Based on these
41 compounds, four tBACT analyses (reflecting similar physical and chemical properties) are
required to assess emission control technologies for all TAPs above de minimis thresholds:

- Toxic organic compounds (Section 4.0)
- Ammonia (Section 5.0)
e Mercury compounds (Section 6.0)
* Particulate metal compounds (Section 7.0).
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Table 3-1. TAPs With Emissions Above De Minimis Rates
Chemical Averaging Release Rate De Minimis Release

Compound Name Abstract # Period (lb/avg. period) Rate (lb/avg. period)
Ammonia 7664-41-7 24-hr 7.19E+01 0.465
Toxic Organic Compounds

1,1,2,2-Tetrachloroethane 79-34-5 Year 1.95E+01 0.165
1,1,2-Trichloroethane 79-00-5 Year 1.55E+01 0.6
1,2-Dibromoethane 106-93-4 Year 2.09E+00 0.135
1,2-Dichloroethane 107-06-2 Year 4.27E+01 0.369
1,2-Dichloropropane 78-87-5 Year 1.25E+00 0.959
1,3-Butadiene 106-99-0 Year 5.22E+00 0.0564
1,4-Dichlorobenzene 106-46-7 Year 1.63E+00 0.872
1,4-Dioxane 123-91-1 Year 1.84E+01 1.25
Acetaldehyde 75-07-0 Year 1.08E+02 3.55
Acrylic Acid 79-10-7 24-hr 4.67E-02 0.00657
Acrylonitrile 107-13-IM Year 3.23E-01 0.0331
Benzene 71-43-2 Year 4.27E+01 0.331
Benzyl Chloride 100-44-7 Year 3.51E-01 0.196
Carbon Tetrachloride 56-23-5 Year 4.30E+01 0.228
Chloroform 67-66-3 Year 4.30E+01 0.417
Dichloromethane 75-09-2 Year 2.92E+02 9.59
Ethylbenzene 100-41-4 Year 3.70E+01 3.84
Ethylene oxide 75-21-8 Year 2.03E-01 0.109
Hexachlorobutadiene 87-68-3 Year 3.04E+01 0.437
Hexachloroethane 67-72-1 Year 4.41E+01 0.872
Naphthalene 91-20-3M Year 3.41E-01 0.282
n-Nitrosodiethylamine 55-18-5 Year 5.08E-02 0.000959
n-Nitrosodimethylamine 62-75-9 Year 6.94E+01 0.00208
n-Nitroso-di-n-butylamine 924-16-3 Year 5.08E-02 0.0031
n-Nitrosodi-n-propylamine 621-64-7 Year 5.08E-02 0.0048
n-Nitrosomorpholine 59-89-2 Year 2.35E-01 0.00505
n-Nitroso-n-methylethylamine 10595-95-6 Year 5.08E-02 0.00153
n-Nitrosopyrrolidine 930-55-2 Year 5.08E-02 0.016
Perchloroethylene 127-18-4 Year 4.24E+01 1.62
Polychlorinated Biphenyls (PCBs) 1336-36-3 Year 5.34E-01 0.0168
Trichloroethylene 79-01-6 Year 4.27E+01 4.8
Vinyl Chloride 75-01-4 Year 4.30E+01 0.123

Mercury Compounds
Mercury, Elemental 7439-97-6 24-hr 1.43E-03 0.000591
Dimethyl Mercury 593-74-8 24-hr 2.96E-06 I.OOE-99

Particulate Metals Compounds
Arsenic & Inorganic Arsenic 7440-38-2 Year 1.72E+00 0.00291Compounds
Beryllium & Compounds (NOS) 7440-41-7 Year 8.61E-02 0.004
Cadmium & Compounds 7440-43-9 Year 8.61E-01 0.00228
Chromium Hexavalent: Soluble, 7440-47-3 Year 2.63E+00 6.40E-05except Chromic Trioxide
Cobalt 7440-48-4 24-hr 4.70E-03 0.000657
Manganese & Compounds 7439-96-5 24-hr 4.70E-03 0.000263
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This section covers the detailed tBACT evaluation for toxic organic compound emissions for the

DST farm system. Toxic organic compound emissions have been evaluated and defined by RPP-

RPT-44009 and SVF-1821. Thirty-two (32) different, toxic, organic compounds have been

estimated to be above their de minimis levels (see Section 3.0. Table 3-1 as defined in RPP-RPT-
44009 and SVF-182 1). All toxic organic compounds will be treated as a group of TAPs because
they have similar physical and chemical properties and similar control technologies. The total

annual toxic organic compounds emitted from the operations of a primary ventilation system of a

DST farm are estimated to be 0.48 tons/year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Toxic Organic Compounds
The following emission control technologies have been identified for the destruction and/or

removal of toxic organic compound emissions.

* Activated carbon adsorption.

* Wet scrubber absorption.

* Thermal catalytic oxidation.

- Thermal non-catalytic oxidation

Step 2: Elimination of Technically Infeasible Options/Development of Short List
for Toxic Organic Compounds
Qualitative screening and elimination criteria were developed for the selective elimination of

control technologies evaluated to be technically infeasible or not applicable for treatment of toxic

organic compound emissions from the primary ventilation system in DST farm processes. The

screening criteria were applied for the suite of control technologies for toxic organic compounds

listed above and are shown in Table 4-1. The only identified emission control technology that

was determined to be technically infeasible and eliminated for this application is thermal

catalytic oxidation.

Table 4-1. Toxic Organic Com, ound -Potential tBACT

Control Description Screening Results
I Activated Carbon Adsorption Applicable
2 Wet Scrubber Absorption Applicable
3 Thermal Catalytic Oxidizer Eliminated
4 Thermal Non-Catalytic Oxidation Applicable

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile or

toxic organic compound emissions from a variety of sources. Generally high flow, low

concentration applications are best suited to produce high removal efficiencies for this

technology. Particulates or halogenated volatile organic compounds and heavy metals can clog

the packed bed or poison or deactivate the catalyst reducing the design life of the unit. Specific

poisons include halogenated compounds, mercury, arsenic, sulfur, sodium, and calcium. Many

of these compounds are found in the tank waste in high concentrations.
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Step 3: Rank Remaining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the I. M
control technology to reduce the post treatment Tabl 4 B k by ELfectiveness
emission rate for a given TAP or group of Remova s
TAPs. The short list of tBACT technologies for Ranking/Technology Efficiency
toxic organic compounds in order of removal Ia. Activated Carbon 99%
efficiency is provided in Table 4-2. The Adsorption
technologies with a removal efficiency of 99% lb. Thermal Non-Catalytic 99%
or greater were down-selected for further Oxidation
tBACT economic evaluation which include 3. Wet Scrubber Absorption 70-90%
activated carbon adsorption and thermal non-
catalytic oxidation. Nevertheless, a general
technology overview of wet scrubber absorption
is described below for evaluation completeness.

Activated Carbon Adsorption: The principal use of activated carbon as a control technology is
for the removal of VOCs such as hydrocarbons, solvents, toxic gases and organic based odors. In
addition, chemically impregnated activated carbons can be used to control certain inorganic
pollutants such as hydrogen sulfide, mercury, or radon. When properly applied, the adsorption
process will remove pollutants for which it is designed, to virtually nondetectable levels. Carbon
adsorption is equally effective on single component emissions as well as complex mixtures of
pollutants.

Figure 4-1. Typical Adsorption Isotherm enzene
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Physical adsorption is dependent on the characteristics of the pollutant to be adsorbed, the

temperature of the gas stream to be processed, and the concentration of the contaminant in the

gas stream. The adsorption capacity for a particular pollutant represents the amount of the

pollutant that can be adsorbed on a unit weight of activated carbon consumed at the conditions

present in the application. Typical adsorption capacities for moderately adsorbed compounds

range from 5 to 30 percent of the weight of the carbon. A typical carbon adsorption isotherm

(i.e., benzene) is shown in Figure 4-1. This figure shows that the adsorption of a compound is

inversely proportional to the concentration when plotted on a log-log scale.

Activated carbon adsorption is applicable to low boiling point, small toxic, and volatile organic

molecules. Large toxic or organic molecules are very difficult to remove from an activated

carbon bed either by steam or by hot inert gas stripping and frequently result in decomposition or

permanent plugging of the carbon bed. When a small fraction of the toxic organic compound

"high boilers" (large molecular weight, high boiling point compounds) are present, a sacrificial

guard bed is used to protect the main regenerable beds from poisoning. The guard bed is replaced

when breakthrough occurs. Large toxic or organic molecule activated carbon adsorption is

economical only when the recoverable toxic organic compound is the significant fraction of the

total toxic organic compounds with a small percentage of high boilers.

For toxic or volatile organic compounds at low concentration (below 100 vppm), the typical

control technology is fixed bed adsorption on activated carbon and disposal of carbon off site. In

most cases, the adsorbent can be "reactivated" under similar conditions as the "activation process

(-1000 C steam/air environment) where the adsorbed compounds are destroyed and the carbon is

returned to near its original capacity. In addition, fixed adsorption is analogous to

chromatography, the various organic compounds adsorbing have a significant impact on the

adsorption capacity of other organic molecules, due to both displacement and to near permanent

deposition on the carbon bed. Thus, while the adsorbent may indicate a relatively high pure

component adsorption capacity for a particular component, when the gas stream has a large

variety of organic molecule sizes and boiling points, the equilibrium capacity indicated by

adsorption isotherms for that component cannot be approached.

As an example, a pure component isothermal capacity of 10 wt% may be reduced to as low as

0.lwt% in a multi-component system due to displacement by other components of the gas stream

or by the "plugging" of otherwise available surface by high molecular weight compounds. The

effect of "co-adsorbates" in the individual breakthrough adsorption time of the toxic organic

compounds was estimated by the National Research Council (NRC) in relation to chemical agent

incineration effluent control in a dynamic system. (NRC 1999, The Disposal ofActivated Carbon

from Chemical Agent Disposal Facilities) and is shown in Table 4-3 (on next page).

Also, many emission source terms are defined with many safety factors, typically increasing the

assumed concentration of the toxic organic compounds in the inlet gas stream, often by as much

as an order of magnitude. Adsorption capacity is concentration dependent and an order

magnitude decrease in organic compound concentration typically results in halving the

adsorption capacity. Therefore, using an inflated source term for toxic organic compound

concentrations, results in an undersized adsorption system.
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Table 4-3. Estimated Carbon Filter Breakthrough Times for Substances of Potential Concern in
Stack Gases from Chemical Agent Disposal Facili Liquid Incinerator

Volatile Organic Estimated Initial Estimated Breakthrough Estimated Time for Multi-
Compound Concentration (ng/m3)" Time as Single Componentb Component PFS Flue Gas'

Benzene 90,000 2.4 years 14.2 hours

Carbon tetrachloride 35,000 4.1 years 7.1 minutes

Chloroform 22,000 2.5 years 5.7 hours

Vinyl chloride 4,500 1.7 days 9.5 minutes
Notes: 'Bed dimensions - 214 square feet, I foot deep, 3,030 kg of carbon

bCalCulated based on D-R equation assuming complete saturation of filter at 135 F
'Based on multi-component computer model, 135'F, 67 percent relative humidity
Source: National Research Council, 1999

Furthermore, due to mass transfer limitations, only very large adsorbent beds approach the
equilibrium capacity under dynamic conditions. The length of the mass transfer zone (MTZ) is
again highly dependent on the properties of both the adsorbent structure (macro and micro
porosity) and the properties of the organic compounds. This is further complicated in case of
variable concentration of organic compounds entering the adsorbent bed, because both
adsorption and desorption mass transfer needs to be considered. In most cases, the desorption
MTZ is significantly longer than the adsorption MTZ. These factors establish the minimum bed
depth (in the flow direction) criterion for adsorbent bed design. Typically, the minimum bed
depth, for long term use applications, should be several orders of magnitude longer than the
MTZ. Therefore, adsorbent beds cannot be designed solely on the adsorbent mass basis, the
geometry is also important. If the bed depth is shorter than one MTZ for a particular compound,
then instantaneous breakthrough of the organic compound will occur. (Schweitzer, 1988,
Handbook of Separation Techniques for Chemical Engineers, 2"nd Edition).

In summary, activated carbon has been shown to be applicable for treatment of a wide variety of
environmental pollutants. It is a proven technology that is simple to install and easy to operate
and maintain. Capital costs are among the least expensive for most alternative treatment
technologies. Operating costs are primarily related to the amount of activated carbon consumed
in the adsorption process.

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is the process of oxidizing
combustible materials by raising the temperature of the material above its auto-ignition point in
the presence of oxygen, and maintaining it at high temperature for sufficient time to complete
combustion to carbon dioxide and water. Time, temperature, turbulence (for mixing), and the
availability of oxygen all affect the rate and efficiency of the combustion process. These factors
provide the basic design parameters for oxidation systems (ICAC 1999, Institute of Clean Air
Companies, Control Technology information - Thermal Oxidation).
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Typical thermal oxidation design efficiencies range from 98 to 99.99% and above, depending on
system requirements and characteristics of the pollutants (EPA 1992; Control Techniquesf/r
Volatile Organic Emissions from Stationary Sources; EPA 1996, OAQPS Control Cost Manual).

Thermal oxidation often the best choice when high efficiencies are needed and the waste gas is
above 20% of the Lower Explosive Limit (LEL). Oxidation units, in general, are not
recommended for controlling gases containing halogen- or sulfur-containing compounds because
of the formation of highly corrosive acid gases. It may be necessary to install a post-oxidation
acid gas treatment system in such cases, depending on the outlet concentration to reduce
increased corrosion rates (EPA, 1996). Thermal incinerators are also not generally cost-effective

for low-concentration, high-flow organic vapor streams (EPA 1995, Control and Pollution

Prevention Options br Annnonia Emission).

Wet Scrubber Absorption: Wet scrubber absorption is widely used as a raw material and/or
product recovery technique in separation and purification of gaseous streams containing high

concentrations of volatile and toxic organic compounds, especially water soluble compounds

such as methanol, ethanol, isopropanol, butanol, acetone, and formaldehyde (Croll Reynolds

1999, Croll Reynolds Company, Inc., web site http://www.croll.coin). However, as an emission

control technique, it is much more commonly employed for controlling inorganic gases than for

volatile or toxic organic compounds. When using absorption as the primary control technique for

organic vapors, the spent solvent must be easily regenerated or disposed of in an environmentally

acceptable manner (EPA 1991, Control Technologies/br Hazardous Air Pollutants). When used

for particulate control, high concentrations can clog the bed, limiting these devices to controlling

streams with relatively low dust loadings (EPA 1998, Stationary Source Control Techniques

Document/bor Fine Particulate Matter).

Physical absorption depends on properties of the gas stream and liquid solvent, such as density

and viscosity, as well as specific characteristics of the pollutant(s) in the gas and the liquid
stream (e.g., diffusivity, equilibrium solubility). These properties are temperature dependent, and
lower temperatures generally favor absorption of gases by the solvent. Absorption is also

enhanced by greater contacting surface, higher liquid-gas ratios, and higher concentrations in the

gas stream (EPA, 1991). Chemical absorption may be limited by the rate of reaction, although
the rate-limiting step is typically the physical absorption rate, not the chemical reaction rate

(EPA, 1996). In addition, spent scrubbing waste water will be generated during unit operations

and usually is not returned to the original system for recycle.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for toxic

organic compounds, an economic evaluation of the two highest ranked technologies with

efficiencies of 99% or greater was performed. The economic evaluations, total capital and annual
operating costs, for thermal non-catalytic oxidation and activated carbon adsorption are given in

Table 4-4 and 4-5, respectively.

The economic analyses included evaluation of direct and indirect capital costs (equipment and

installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents

and vendor information. Next, factors for fabrication from corrosion resistant materials were

applied. The above costs do not include disposal of secondary waste or post-oxidation acid gas
treatment.
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The equipment costs used in this evaluation were obtained by NUCON International, Inc by
obtaining quotes from suppliers (Appendix 1) and using previous experience and expertise in
ammonia TBACT evaluations; and reviewing costs from letter 0401233/DOE-ORP: 04-ED-
057,"Submittal of Toxic Best Available Control Technology (tBACT) Determination and
Revised Pages to Non-Radiological Notice of Construction for Operation of New Ventilation
Systems In AN and AW Tank Farms (RPP-20774)"- Letter.

and 24590-WTP-RPT-ENV-0 1-005, Best Available Control Technology Analysis/br Toxic Air
Pollutants for the WTP (2002). Specific quote costs were given priority over the report estimated
costs, which were 2002 and 2004 vintage, although in several cases where comparisons were
made between estimates and quotes; the differences in cost were minor. The total annualized
costs were based on a 10% rate of return and a 40-year facility life for activated carbon
adsorption with treated adsorbent and a 10-year facility life for thermal non-catalytic oxidation
due to corrosion issues mainly from halogenated organic compounds.

Step 5: Select tBACT
The cost/ton for removal of toxic organic compounds exceeds the cost effective threshold
previously acceptable to Ecology. Therefore, no specific control technologies were selected for
toxic organic compounds removal. The annualized costs are summarized in Section 8.
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Table 4-4. Toic Organic Compounds - Thermal Non-Catalytic Oidation Capital and Annual
Cost Summar

Cost Item Basis Cost
Total Capital Costs (TCC) $795,000
Total Direct Costs S615,680

Purchased Equipment costs
Equipment $340.000
Required Ancillary Equipment (SI0/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment S51,000
Freight 5% of Equipment $17,000

Sub-total Purchased Equipment Costs (PEC) S438,000
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC S61,320
Electrical 4% of Subtotal PEC S17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC S17,520
Painting 2% of Subtotal PEC $8,760

Sub-Total Installation costs (IC) $157,680
Site Preparation Equipment Specific S20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A
Total Indirect Capital Costs $179,580

Engineering 10% of Subtotal PEC S43,800
Construction and Field Expenses 5% of Subtotal PEC S21,900
Start-up 10% of Subtotal PEC S43,800
Performance Tests 1% of Subtotal PEC S4,380
Contingencies 15% of Subtotal PEC $65,700

Total Annual Costs (TAC) $666,000
Direct Annual Costs
Utilities

Electricity S0.08/kWhr $515
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $0
Natural Gas S5.37/MCF $635,056
Materials/Chemicals Process Specific $0

Operating Expenses
Operator S62.75/Hr $3,263
Supervisor 15% of Operator $498
Secondary Waste $129.24/cf $0

Maintenance
Labor $62.75/Hr $2,510
Materials $680

Indirect Annual Costs
Overhead Included in Labor Costs $0
Administrative 2 % of TCC $15,905
Insurance 1% of TCC $7,952
Rate ofReturn on Capitalilvetmnt . 1%
ServIce Life (Yars) 0 10'- DetoequIpwent posfo
CapitAlRe veryaetor 2.84
Annu -aitufluvestmi(A 2 0
Grajwd otal Aunualizpd Costs (ACf+TAC) -2 SI$0
Tods ofTotxicO rgaiCo pound ear 0.481
Annualized Cost per Ton of Toxic Organic Compounds $6,081,000
See Appendix 1-B.

B-27 
Page 17

wili# a"

Page 17B -27



RPP-ENV-48229, Rev 0, Appendix B

0 OC1 1. RPP-ENV-46679 Rev. I

Table 4-5. Toxic Organic Compounds -Activated Carbon Adsorption Capital and Annual Cost
Summa

Cost Item Basis Cost
Total Capital Costs (TCC) $865,000
Total Direct Capital Costs $669,536
Purchased Equipment costs

Equipment S373,000
Required Ancillary Equipment ($10/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment S55,950
Freight 5% of Equipment S18,650

Sub-total Purchased Equipment Costs (PEC) $477,600
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $38,208
Handling & Erection 14% of Subtotal PEC $66,864
Electrical 4% of Subtotal PEC $19,104
Piping and Duct Work 4% of Subtotal PEC $19,104
Insulation for Piping and Equipment 4% of Subtotal PEC $19,104
Painting 2% of Subtotal PEC S9,552

Sub-Total Installation costs (IC) $171,936
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A
Total Indirect Capital Costs $195,816

Engineering 10% of Subtotal PEC $47,760
Construction and Field Expenses 5% of Subtotal PEC $23,880
Start-up 10% of Subtotal PEC $47,760
Performance Tests 1% of Subtotal PEC $4,776
Contingencies 15% of Subtotal PEC $71,640

Total Indirect Costs $195,640
Total Annual Costs (TAC) $702,000
Direct Annual Costs
Utilities

Electricity $0.08/kWhr so
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $0
Natural Gas $5.37/MCF $0
Materials/Chemicals Process Specific $0

Operating Expenses
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $489
Secondary Waste T&D (1/2 year carbon life) $129.24/cf $420,030

Maintenance
Labor $62.75/Hr $8,032
Materials $244,400

Indirect Annual Costs

Overhead Included in Labor Costs $0
Administrative 2 % of TCC $17,307
Insurance 1% of TCC $8,653

Annualized Cost per Ton of Toxic Organic Compounds $1,643,000
See Appendix 1-C.
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This section covers the detailed evaluation for ammonia emissions tBACT. Ammonia emissions
have been defined by RPP-RPT-44009 and SVF- 182 1. Emissions are estimated to be 72 lb/24 hr
averaging period derived from Table 3-1 or 13 tons/year.

Step 1: Emission Control Technologies Identified

EPA documents present add-on control technologies used for ammonia emissions control
(Control and Pollution Prevention Options for Ammonia Emissions, EPA-456/R-95-002). The
add-on control technologies identified are wet scrubbers and condensation. These technologies
are thoroughly described in the EPA references (EPA-456/R-95-002 and EPA/452/B-02-001)
and in letter 0401233/DOE-ORP: 04-ED-057. Use of the EPA cost estimating program also
suggests two other technologies may be considered as control technologies including activated
carbon adsorption and thermal oxidation. The following emission control technologies have been
identified for the destruction and/or removal of ammonia:

* Wet scrubber absorption
o Activated carbon adsorption with untreated adsorbent
e Activated carbon adsorption with treated adsorbent
- Thermal non-catalytic oxidation
- Thermal catalytic oxidation
" Biofiltration
" Condensation

Step 2: Elimination of Technically Infeasible Options
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
ammonia emissions from the primary ventilation system for DST farm operations. The screening
criteria were applied for the suite of control technologies for ammonia removal and/or
destruction listed above and are shown in Table 5-1. The identified emission control
technologies that are technically infeasible and eliminated include:

- Activated carbon adsorption with untreated adsorbent
* Thermal catalytic oxidation
- Biofiltration
- Condensation

Activated Carbon Adsorption with Untreated Adsorbent: Activated carbon adsorption with
untreated adsorbent is not suitable for the DST farm source term. This is due to low adsorption
capacity/efficiency of most commercially available adsorbents and associated at the low
ammonia concentrations that exist in the DST farm exhaust. See Section 4.0. Activated Carbon
Adsorption discussion, for additional details.
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Control Technology Screening Results

I Wet Scrubber Absorption Acceptable

2 Activated Carbon Adsorption with Untreated adsorbent Eliminated

3 Activated Carbon Adsorption with Chemically Treated Adsorbent Acceptable

4 Thermal Non-Catalytic Oxidation Acceptable

5 Thermal Catalytic Oxidation Eliminated

6 Biofiltration Eliminated

7 Condensation Eliminated

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile
organic compounds and ammonia emissions from a variety of sources. Generally high flow, low
concentration applications are best suited to control these process units. Particulates or
halogenated volatile organic compounds and heavy metals can clog the packed bed or poison or
deactivate the catalyst reducing the design life of the unit. Specific poisons include halogenated
compounds, mercury, arsenic, sulfur, sodium, and calcium. See Section 4.0, Thermal Catalytic
Oxidation discussion, for further details.

Biofiltration: A bio-filter consists of a bed packed with biological material, sometimes even two
or three beds. The gas stream is lead through the filter bed where the contaminants are removed
from the waste gas by adsorption to and absorption by the filtering material. The components are
then decomposed by micro-organisms. The bed consists of a carrier containing biological
material such as: compost, tree bark, coconut fibers or peat. To decrease the amount of
acidification, calcium or dolomite is sometimes added to the packing material. At high
concentrations of nitrogenous, sulfurous or halogenated compounds, the forming of respectively
nitric acid, sulfuric acid and hydrochloric acid may acidify the filtering material reducing the
overall removal efficiency of the process, thus, drastically increasing the replacement frequency
of the filtering material.

Condensation: Condensation technology removes pollutants from a gas stream that is saturated
with water or warm and damp, by condensing to far below the water's dew point. The
condensate that forms on the heat exchanger, serves as an absorption liquid for contaminants that
are easily dissolvable in water. The relatively large contact surface that is required for the
exchange of heat is also used as a contact surface for the exchange of dust. After passing through
the condenser the gas stream is 100% saturated with water and the remaining condensate drips
are collected with a demister, thus, the contaminants are captured and removed in the liquid
phase. Due to the low concentration of ammonia and high moisture content of the DST farm
emissions, the ventilation exhaust would have to be dried to lower dew points than the ammonia
condensation temperature to prevent freezing and clogging of the condenser.
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Step 3: Rank Remaining Control
Technologies by Control Effectiveness
The remaining applicable and available best
control technologies for ammonia are shown in
Table 5-2. All of these control technologies
have a removal efficiency of 99% or greater and
are ranked equally.

RPP-ENV-46679 Rev. I

Control of Ammonia
Removal

Ranking/Technology Efficiency
Ia. Activated Carbon Adsorption with >99%
Chemically Treated Adsorbent
lb. Thermal Non-Catalytic Oxidation >99%
Ic. Wet Scrubber Absorption 99%

Activated Carbon Adsorption with
Chemically Treated Adsorbent: For the
removal of ammonia, the activated carbon needs to be chemically treated with phosphoric acid

(between 15-30 wt%) to obtain removal efficiencies of greater than 99%. The activated carbon

acts a collection substrate while the ammonia removal takes place by a reaction between the

ammonia and the phosphoric acid. The ammonia removal capacity under equilibrium conditions

is near stochiometric and is related to the phosphoric acid concentration. Adsorption efficiency is
affected by other compounds that can be adsorbed on the activated carbon but will not be

poisoned by them.

Removal efficiency is greater than 99% for fresh adsorbent and decreases near the stochiometric

loading of the adsorbent. Adsorption on chemically treated activated carbon is more suitable for

low concentrations of ammonia but it is capable of handling limited ammonia concentration

spikes. Spent chemically treated adsorbent, while theoretically can be re-activated by thermal

treatment, is typically disposed in landfills. See Section 4.0, Activated Carbon Adsorption

discussion, for further details.

Thermal Non-Catalvtic Oxidation: Thermal non-catalytic oxidation is a high temperature air-

ammonia process reaction without the use of a catalyst. The destruction efficiency depends on

the temperature of the unit operations. Greater than 99% ammonia destruction can be achieved at

low temperature.

This technology is also capable of handling various concentrations of ammonia in the inlet

stream and it is not sensitive to concentration spikes. In addition, thermal non-catalytic oxidation

is not sensitive to halogenated or metallic compounds in the inlet stream (i.e., treats and destroys

the majority of toxic or volatile organic compounds). However, acids and dioxins will be

gcnerated during the destruction of halogenated organic compounds, which will contribute an

increased corrosion rate on materials of construction, thus, shortening the design life of the

process unit. Oxides of nitrogen are also generated by this process, which depending on

concentration may require additional treatment. See Section 4.0, Thermal Non-Catalytic

Oxidation discussion, for further details.

Wet Scrubber Absorption: Scrubber absorption is a common emission technology for

ammonia reduction, however it is used at higher concentrations than present in defined DST
farm source term (RPP-RPT-44009 and SVF-1821 ). At defined source term concentrations, the

scrubbing liquid has to be acidified to efficiently collect the ammonia. The scrubbing liquid is
replenished based on the conversion rate to salt and needs to be treated as secondary waste.
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The spent scrubbing secondary waste water cannot be returned to the DST system and will need
to be sent to the effluent treatment facility (ETF). The quantity of ammonium sulfate which
would have to be treated by the ETF, based on the source term value, is in excess of 100
tons/year and exceeds the current ETF treatment capacity. See Section 4.0. Wet Scrubber
Absorption discussion, for further details.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for ammonia,
an economic evaluation of the above identified technologies applied to each unabated off gas
stream was performed. The economic evaluations for ammonia control technologies are shown
in the following tables:

" Table 5-3 - Thermal non-catalytic oxidation
" Table 5-4 - Activated carbon adsorbers with treated adsorbent
* Table 5-5 - Wet scrubber absorption

The economic analyses included evaluation of direct and indirect capital costs (equipment,
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials and adaptation
to field operations and maintenance were applied. The above costs do not include disposal of
secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc by
supporting the design and fabrication of similar facilities by obtaining quotes from suppliers
(Appendix 1) and using previous experience and expertise in ammonia tBACT evaluations; and
reviewing costs from letter 0401233/DOE-ORP: 04-ED-057. Specific quote costs were given
priority over the report estimated costs, which were 2002 and 2004 vintage, although in several
cases where comparisons were made between estimates and quotes the differences in cost were
minor. The total annualized costs were based on a 10% rate of return and a 40-year facility life
for activated carbon adsorption with treated adsorbent and a 10-year facility life for thermal non-
catalytic oxidation and wet scrubber absorption due to corrosion issues mainly from halogenated
organic compounds and sulfuric acid scrubbing liquids, respectively.

Step 5: Select tBACT
The S/ton for removal of ammonia exceeds the cost effective threshold previously acceptable to
Ecology. Therefore, no specific control technologies were selected for ammonia removal. The
annualized costs are summarized in Section 8.
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Cost Item Basis Cost
Total Capital Costs (TCC) $795,000
Total Direct Capital Costs S615,680

Purchased Equipment costs
Equipment 5340,000
Required Ancillary Equipment (SI0/cfm) 3000 S30,000
Instrumentation and Control 15% of Equipment $51.000
Freight 5% of Equipment S17,000

Sub-total Purchased Equipment Costs (PEC) S438,000
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC S35,040
Handling & Erection 14% of Subtotal PEC $61.320
Electrical 4% of Subtotal PEC S17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC S17,520
Painting 2% of Subtotal PEC $8,760

Sub-Total Installation costs (IC) S157,680
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A
Total Indirect Capital Costs S179,580

Engineering 10% of Subtotal PEC S43,800
Construction and Field Expenses 5% of Subtotal PEC S21,900
Start-up 10% of Subtotal PEC $43,800
Performance Tests I% of Subtotal PEC S4,380
Contingencies 15% of Subtotal PEC $65,700

Total Annual Costs (TAC) $666,000
Direct Annual Costs
Utilities

Electricity $0.08/kWhr $515
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $0
Natural Gas $5.37/MCF $635,056
Materials/Chemicals Process Specific $0

Operating Expenses
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $489
Secondary Waste T&D (1/2 year carbon life) $129.24/cf $0

Maintenance
Labor $62.75/Hr $2,510
Materials $680

Indirect Annual Costs
Overhead Included in Labor Costs $0
Administrative 2 % of TCC $15,905
Insurance 1% of TCC $7,952
Rat ofR onC CapIta Iuvstn
Ar - }(uet qp corro

ConQApik oiti 4WGranId iaiAniafe Csts CI+TAC 22,0
Ton of AiunonIa/Year 13.12
Annualized Cost per Ton of Ammonia $223,000
See Appendix 1-B.
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Table 5-4. Ammonia - Activated Carbon Adsorbers with Treated Adsorbent Capital and Annual
Cost Summar

Cost Item Basis Cost
Total Capital Costs(TCC) $929,000
Total Direct Capital Costs S718,496

Purchased Equipment costs
Equipment S403,000
Required Ancillary Equipment ($I0/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment $60,450
Freight 5% of Equipment $20,150

Sub-total Purchased Equipment Costs (PEC) $513,600
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $41,088
Handling & Erection 14% of Subtotal PEC $71,904
Electrical 4% of Subtotal PEC $20,544
Piping and Duct Work 4% of Subtotal PEC $20,544
Insulation for Piping and Equipment 4% of Subtotal PEC $20,544
Painting 2% of Subtotal PEC $10,272

Sub-Total Installation costs (IC) $184,896
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - f 2) Not Addressed N/A
Total Indirect Capital Costs $210,576

Engineering 10% of Subtotal PEC $51,360
Construction and Field Expenses 5% of Subtotal PEC $25,680
Start-up 10% of Subtotal PEC $51,360
Performance Tests 1% of Subtotal PEC $5,136
Contingencies 15% of Subtotal PEC $77,040

Total Annual Costs (TAC) $5,052,000
Direct Annual Costs
Utilities

Electricity $0.08/kWhr $0
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $0
Materials/Chemicals Process Specific $0

Operating Expenses
Operator S62.75/Hr $3,263
Supervisor 15% of Operator $489
Secondary Waste T&D (1/2 year carbon life) $129.24/cf $2,584,800

Maintenance
Labor $62.75/Hr $56,224
Materials $2,380,000

Indirect Annual Costs
Overhead Included in Labor Costs $0
Administrative 2 % of TCC $18,581
Insurance 1% of TCC $9,290

Annualized Cost per Ton of Ammonia $392,000
See Appendix 1-C.
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Cost Item Basis Cost
Total Capital Costs (TCC) 2,619,000

Total Direct Capital Costs S2,017,568

Purchased Equipment costs
Equipment S1,224,000
Required Ancillary Equipment ($I0/cfm) 3000 $0

Instrumentation and Control 15% of Equipment S183,600
Freight 5% of Equipment S61,200

Sub-total Purchased Equipment Costs (PEC) S1,468,800
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $117,504
Handling & Erection 14% of Subtotal PEC $205.632
Electrical 4% of Subtotal PEC S58,752
Piping and Duct Work 4% of Subtotal PEC S58,732
Insulation for Piping and Equipment 4% of Subtotal PEC S58,732
Painting 2% of Subtotal PEC $29,376

Sub-Total Installation costs (IC) $528,768
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A

Total Indirect Capital Costs $602,208
Engineering 10% of Subtotal PEC $146,880
Construction and Field Expenses 5% of Subtotal PEC $73,440
Start-up 10% of Subtotal PEC $146,880
Performance Tests 1% of Subtotal PEC $14,688
Contingencies 15% of Subtotal PEC $220,320

Total Annual Costs (TAC) $143,000

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $0
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $10,000
Materials/Chemicals Process Specific $50,000

Operating Expenses
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $489
Secondary Waste T&D in excess of EFF capacity $129.24/cf $0

(cannot be directly calculated but is very high)
Maintenance $62.75/Hr $753

Labor $204
Materials

Indirect Annual Costs
Overhead Included in Labor Costs $0
Administrative 2 % of TCC $52,395
Insurance 1% of TCC $26,197

Tof'oeturn oi Coptfte 0 10%
Sri Lfe (veors 0er BaOed on areinissues nawtt nfedn

Capfi Recolvi Fie I2 2.8l4
Aninualized Cafffne'ttl! 74 0
Grabd~totallagie i Vu A 7,583,0- OV
T6u 'ofAnuoije 3.2

Annualized Cost per Ton of Ammonia $577,000
See Appendix 1-D.
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This section covers the detailed tBACT evaluation for mercury and related compounds including
dimethyl mercury for the DST farm system. Mercury and related compound emissions have been
evaluated and defined by RPP-RPT-44009 and SVF- 1821. Dimethyl mercury is the only
compound identified exceeding its ASIL limit (1.00E-99 pg/m3). The maximum off-site
concentration for dimethyl mercury is estimated to be 3.23E-8 pg/M3, with a corresponding
release rate of 5.40E-7 tons/year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Mercury Compounds
The following emission control technologies have been identified for mercury compounds
including dimethyl mercury:
" Wet scrubber Absorption.
e Powdered Carbon Injection
* Powdered Carbon Injection with chemically treated carbon
e Fixed Carbon Beds
" Fixed Carbon Beds with chemically treated carbon
" Depleted Brine Scrubbing
" Selenium Filters
" Gold Amalgamation

Step 2: Elimination of Technically Infeasible Options
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
mercury compounds, including dimethyl mercury, emissions from the primary ventilation system
of the DST farm operations. The screening criteria for applicability were applied to the control
technologies listed above and are shown in Table 6-1. All identified control technologies except
for one has been eliminated for the removal of mercury compounds. The primary reason for
elimination of these technologies is due to they have not been proven at a sufficient scale and
irresolvable technical difficulties. A brief description of each of each control technology is given
below:

Table 6-1. Mercury Compounds - Potential tBACT
Control Technical Deseription Screening Results
1 Wet scrubber Absorption Eliminated
2 Powdered Carbon Injection Eliminated
3 Powdered Carbon Injection with chemically treated carbon Eliminated
4 Fixed Carbon Beds Eliminated
5 Fixed Carbon Beds with chemically treated carbon Applicable
6 Depleted Brine Scrubbing Eliminated
7 Selenium Filters Eliminated
8 Gold Amalgamation Eliminated
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Wet Scrubber Absorption: Wet scrubbing, requires highly reactive sulfur containing additives
in the scrubbing liquor and has reasonable efficiency for water soluble mercury compounds only.
It has been applied on some coal fired power plants where the primary purpose of the scrubbing
is acid gas removal. There is no chemical reason or any experimental data indication to expect
that organic mercury compounds can be removed. For example, dimethyl mercury, an organic

mercury compound, is not water soluble and is not applicable for wet scrubbing abatement
technologies. Extensive waste liquid disposal or collection and treatment are required to support

this technology. See Section 5.0, Wet Scrubber Absorption discussion, for further details.

Powdered Carbon Injection: Powdered carbon injection is an existing control technology for
power plants where powdered carbon is injected into the flue gas and reacts with mercury both in

the gas phase and upon deposition in the particulate collecting bag-house of the power plant. It
can be considered only when bag-house collectors are installed downstream and the carbon is
continually injected and removed in conjunction with the ash collected in the bag-house.

Mercury removal efficiencies have been cited between 50 - 70% for elemental mercury.

Powdered Carbon Injection with Treated Carbon: Powdered Carbon Injection with
chemically treated carbon, is a variation of the above process, resulting in somewhat higher

mercury removal efficiency at an increased carbon cost and commensurate corrosion problems

from the typical additive bromine.

Fixed Carbon Beds with Untreated Carbon: Fixed carbon beds are used in several
applications for mercury vapor control, but their use has been almost completely superseded by

the use of chemically treated carbon in the fixed beds. The mercury is only physically adsorbed
on untreated activated carbon and migrates through the adsorbent bed according to the mass

transfer conditions in the fixed bed. Untreated carbon is more sensitive to the presence toxic
organic compounds and inorganic vapors than the treated carbons. (EPA-452-R-R7-010,
Mercurv Studi' Report to Congress, Volume VIII: An Evaluation of Mercury Control

Technologies and Costs, December 1997 and EG&G-2008-EERC-01-02, EG&G Carbon
Evaluation for Mercurv Removal)

Depleted Brine Scrubbing: Depleted brine scrubbing is applicable only to chlor-alkali plants
where the brine is one of the flow streams. This technology is not applicable and is not used in
the other applications.

Selenium Filters: Selenium on adsorbent based filters was eliminated due to selenium being a
toxic material. Sulfur on adsorbents is equally reactive without the additional toxic hazards and

is lower in cost.

Gold Amalgamation: Gold amalgamation is not an industrial process and has only been applied
in mercury concentration measuring instruments only. There is no commercial or industrial

destruction or removal application for this process Sjostrom, et.al, EPA, "Development and

Demonstration of Mercury Control by Adsorption Processes (MerCAPYNOI)."

MerCAPT is a Trademark of Lesman Instrument Company, Bernice, Illonois
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Step 3: Rank Remaining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the control technology to reduce the post treatment
emission rate for dimethyl mercury. The only control technology found to be applicable for
mercury (including dimethyl mercury) control is fixed carbon beds with chemically treated
activated carbon.

Carbon, that is chemically treated with sulfur or iodine, can remove mercury compounds. The
most common in industrial applications is the sulfur impregnation of the carbon and is used in
similar composition and size off gas control in the U.S. (e.g., chemical weapons incineration off
gas mercury control, mixed waste incinerator off gas control, nuclear waste melter off gas
control, petrochemical processing). In these applications, the impregnated activated carbon
(IAC) is placed in a fixed bed, either vertically or horizontally and used until the exhaustion of
the IAC. The life of the LAC is dependent on total mercury inlet concentration.

Several laboratory, pilot and full scale tests have been performed with varying degrees of inlet
mercury concentrations in air, in natural gas, and with organic compounds present in the off-
gases of melters, incinerators and other gaseous waste treatment facilities. [[NEEL/CON-97-
01225 1997, Mercwy Emissions Control Technologiesfor Mixed Waste Thermal Treatment
(1997); INEEL/CON-00-01332 2001, Removal of Mercwy from the Qff-Gas from Thermal
Treatment of Radioactive Liquid Wastes (2001)]. One of the common IACs is MERSORB@2 for
which additional test reports are also attached. (Appendix 2)

Impregnated Activated Carbon mercury vapor abatement technologies are mature and have been
successfully used for the control of effluents and emissions in both nuclear and military
applications. The nuclear application typically treats radioactive waste melter effluents and
incineration off gases from processes such as the THOR® Process3 [Soelberg, et al, IT3 2007
Con/erence, Qff-Gas Merciny control using Sunfr Impregnated Activated Carbon - Test
Results, (May 2007)]. The military applications consist primarily of the effluent control from
chemical agent destruction either by thermal or chemical processes.

Several of the tests reported in the MERSORB® Bulletin were performed using radioactive
mercury (1 9Hg). Comparing the total mercury decontamination results between the air gas
carrier and natural gas carrier gas streams indicates that the total mercury removal was better
from the natural gas stream, where organic mercury could form from the air stream. The manner,
in which the tests were run, would have indicated different movement of mercury species by dual
radioactivity peaks. No movement of mercury species were observed for long-term test data
generated under chemical agent incineration condition air flows and operations.

There are also reports showing that dimethyl mercury in the presence of methanol decomposes to
methane and elemental mercury [Wongkasemjit, Laboratory Study of Corrosion Effect of
Dimethyl Mercury on Natural Gas Processing Equipment (2000)]. Considering that the methanol
flux in the gas stream is about six orders of magnitude higher than the dimethyl mercury flux, it
is expected that during adsorption treatment of both compounds through the IAC bed, it would
give sufficient contact time to decouple the mercury from the methyl group.

In addition, the Washington State Department of Ecology evaluated mercury and dimethyl
mercury releases from several landfills. [Prestbo, Determination of Total and Dimethyl Mercury

I MERSORB is a registered trademark of Nucon International. Columbus, OH
3 THOR is a trademark of THOR Treatment Technologies, Richland, WA
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in Raw Landfill Gad with Site Screeningfor Elemental Mercury at Eight Washington State

Land/ills for the Washington State Department of Ecology )July 2003)] The sampling train

which used an untreated carbon substrate without impregnation, preferentially adsorbed dimethyl

mercury to elemental mercury.

Under the current Ecology regulations, evaluation of dimethyl mercury abatement systems is

triggered at levels over 1.00E-99.

The landfill study, cited above, used the best available detection method and resulted in a
dimethyl mercury analysis above 20 ng/m3. This resulted in a reasonable relative standard

deviation (RSD) of ~10 %. Below 2 ng/m3 the RSD increased to above 80%. Based on this
report, in a similar gas stream matrix, the minimum reliable detection limit for dimethyl mercury

is 10 ng/m3 or 1 OE-2 pig/m 3.

Step 4: Evaluation of Most Effective Control Technologies
On the basis of the above, the only available, proven technology for total mercury control, even

in the presence of dimethyl mercury, is treatment of the gas stream by IAC. The sizing, costing

and operating costs are based on one of the IACs MERSORB@. The economic evaluations, total
capital and annual costs, are shown in Table 6-2.

The economic analyses included evaluation of direct and indirect capital costs (e.g., equipment,
installation), as well as annual operating costs (e.g., utilities, labor, and maintenance costs). To

estimate the technology equipment costs, the equipment was sized based on the flow of each

unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials and

adaptation to radioactive environment operations and maintenance were applied. The above costs

do not include disposal of secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc. who
owns MERSORB® technology. The total annualized costs were based on a 10% rate of return

and a 40-year facility life and a 10% rate of return on capital for mercury compounds including

dimethyl mercury emissions control.

Step 5: Select tBACT
The cost/ton for removal of mercury and mercury related compounds exceeds the cost effective

threshold previously acceptable to Ecology. Therefore, no specific control technologies were
selected for mercury and mercury related compounds removal. The annualized costs are

summarized in Section 8.
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Cost Item Basis Cost
Total Capital Costs (TCC) S598,000
Total Direct Capital Costs $463,904
Purchased Equipment costs

Equipment $247,000
Required Ancillary Equipment (SI 0/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment $37,050
Freight 5% of Equipment $12,350

Sub-total Purchased Equipment Costs (PEC) $326,400
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $26,112
Handling & Erection 14% of Subtotal PEC $45,696
Electrical 4% of Subtotal PEC $13,056
Piping and Duct Work 4% of Subtotal PEC $13,056
Insulation for Piping and Equipment 4% of Subtotal PEC $13,056
Painting 2% of Subtotal PEC $6,528

Sub-Total Installation costs (IC) $117,504
Site Preparation Equipment Specific 20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A
Total Indirect Capital Costs $133,824

Engineering 10% of Subtotal PEC $32,640
Construction and Field Expenses 5% of Subtotal PEC $16,320
Start-up 10% of Subtotal PEC $32,640
Performance Tests 1% of Subtotal PEC $3,264
Contingencies 15% of Subtotal PEC $48,960

Total Annual Costs (TAC) $33,000
Total Annual Direct Costs
Utilities

Electricity $0.08/kWhr $0
Steam $6.00/1000 lbs $0
Water $0.25/1000 gallons $0
Materials/Chemicals Process Specific $0

Operating Expenses
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $489
Secondary Waste T&D (1/2 year carbon life) $129.24/cf $4,061

Maintenance
Labor $62.75/Hr $401
Materials $4,675

Total Annual Indirect Costs
Overhead Included in Labor Costs $0
Administrative 2 % of TCC $11,954
Insurance 1% of TCC $5,977

Annualized Cost per Ton of Mercury and Mercury Related Compounds $352,000,000
See Appendix 1-C.
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This section covers the detailed tBACT evaluation for non-mercury metal compounds for the

DST farm system. Several of the non-mercury metal compounds have emissions above the de

minimis levels. RPP-RPT-44009 and SVF-1821 and are summarized in Table 7-1. These
compounds will be present in particulate form as metals or metal salts.

Table 7-1. Particulate Concentrations
Particulate Concentration (tg/m 3)
Arsenic (particulate form only; excludes hydrides) 1.69E-06
Beryllium 8.46E-08
Cadmium 8.46E-07
Chromium 2.59E-06
Cobalt 5.14E-05
Manganese 5.14E-05

WAC 173-480-060, Emission Standards/for Neiw' and Modified Emission Units and WAC 246-
247-040, Radiation Protection - Air Emissions state that a BARCT for radionuclides

(particulates) is required and that, at a minimum, a filter train consisting of prefilters, mist

eliminators, and dual HEPA filters must be employed. Since these technologies have already

been evaluated for radionuclides, they will control emissions of particulate metal compounds

identified in Table 7-1. No further technology selection or evaluation steps were performed

except for the evaluation of the radiological control required filtering components efficiency for

these pollutants.

The individual technology components in-place stage efficiencies of exhaust trains required by
WAC 173-480-060 are: Mist Eliminator - 99%., Prefilter - 80%, and HEPA Filtration each stage

99.95 o. This combination results in higher than 99.99% combined removal efficiency, but a
conservative removal efficiency value of 99.99% is used. The efficiencies listed for HEPA filters

are based on the 0. 1-0.3 micrometer size, least filterable, particle size range. The efficiency for

this type of HEPA filter is higher for both smaller and larger particle sizes.

The combination of the above listed particulate metal compounds control technologies achieve a

combined removal efficiency of 99.99% (in-place), when assembled according to ASME/ANSI
N-509 Standard and have components that meet ASME AG-I Code: Section FA (mist

eliminators), Section FB (pre-filters), and Section FC (HEPA filters). This combination of air

cleaning control technology components is currently required for primary ventilation of DST
farms. Therefore, no further tBACT evaluations are required for particulate metal compounds.

This set of control technologies are credited by a decontamination factor (DF) of 10,000 for the

above listed particulate metal compounds TAPs, which brings all of these untreated TAP

concentrations to the following treated values.

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed
DST farm Air Cleaning Unit (ACU) consists of particle removal components: demister (mist

agglomerator); prefilter; HEPA filter 1; and HEPA filter 2.
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These elements remove various size aerosols at the currently accepted efficiency of:

* Demister 4 99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range
* Pre-Filter - 30-80% Atmospheric dust depending on type
* I" HEPA Filter 4 99.97% Hot DOP minimum at 0.3 micron (AMAD size)
* 2 HEPA Filter 4 99.97% Hot DOP minimum at 0.3 micron (AMAD size)

The above listed efficiencies are all based on single component efficiencies. The same
efficiencies may not be true when applied to a system containing multiple components.
Components that are installed in a "filter train" may have installation irregularities, in-place
testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns, and
thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95%.
These qualifications and in place tests are not "mass based" with the exception of mist eliminator
which has a required mass basis a minimum of 99% efficiency.

The HEPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP,
Polyolefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and
smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA/CSNI/R 2009). The typical
metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the
minimum efficiency filterable 0.3 micron. (Bowling 1941, Lujaniene 1995, Ogordkinov 2004,
Papastefanos 2009). The removal efficiency for multiple banks HEPA filters while difficult to
determine using the conventional DOP aerosol test method (due to inadequate test aerosol after
the first stage) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron
2 38PuO2 aerosol resulted in a DF of 1.88E12 to 1.7E13 and for three HEPA filters in series the
DF was from 2.1E12 to 4.7E13 [(Gonzales, Perjbrmance of Multiple HEPA Filters against
Plutonium Aerosols (1974); Linck, In-Place Testing of Multiple Stage HEPA Filter Plenuns
(1974)]

In this evaluation, the decontamination credit of 99.99 % by mass (DF of 10E4) for the metal
aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two
HEPA filters in series when built according to the ASME AG-I Code and in place tested
according to ASME/ANSI N-5 10 (i.e. each H EPA stage in place tested individually). This
combined mass removal efficiency can be achieved solely by the combined filtration efficiency
of the above listed air cleaning elements without including the additional removal of the water
droplet scrubbing of these aerosols on the mist eliminator.
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7.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR
PARTICULATE METAL COMPOUNDS
This section covers the detailed tBACT evaluation for non-mercury metal compounds for the
DST farm system. Several of the non-mercury metal compounds have emissions above the de
minimis levels. RPP-RPT-44009 and SVF-1821 and are summarized in Table 7-1. These
compounds will be present in particulate form as metals or metal salts.

Table 7-1. Particulate Concentrations

Arsenic (particulate form only; excludes hydrides) 1.69E-06
Beryllium 8.46E-08
Cadmium 8.46E-07
Chromium 2.59E-06
Cobalt 5.14E-05
Manganese 5.14E-05

WAC 173-480-060, Emission Standards for New and Modified Emission Units and WAC 246-
247-040, Radiation Protection - Air Emissions state that a BARCT for radionuclides
(particulates) is required and that, at a minimum, a filter train consisting of prefilters, mist
eliminators, and dual HEPA filters must be employed. Since these technologies have already
been evaluated for radionuclides, they will control emissions of particulate metal compounds
identified in Table 7-1. No further technology selection or evaluation steps were performed
except for the evaluation of the radiological control required filtering components efficiency for
these pollutants.

The individual technology components in-place stage efficiencies of exhaust trains required by
WAC 173-480-060 are: Mist Eliminator - 99%, Prefilter - 80%, and HEPA Filtration each stage
99.95 %. This combination results in higher than 99.99% combined removal efficiency, but a
conservative removal efficiency value of 99.99% is used. The efficiencies listed for HEPA filters
are based on the 0.1-0.3 micrometer size, least filterable, particle size range. The efficiency for
this type of HEPA filter is higher for both smaller and larger particle sizes.

The combination of the above listed particulate metal compounds control technologies achieve a
combined removal efficiency of 99.99% (in-place), when assembled according to ASME/ANSI
N-509 Standard and have components that meet ASME AG-1 Code: Section FA (mist
eliminators), Section FB (pre-filters), and Section FC (HEPA filters). This combination of air
cleaning control technology components is currently required for primary ventilation of DST
farms. Therefore, no further tBACT evaluations are required for particulate metal compounds.
This set of control technologies are credited by a decontamination factor (DF) of 10,000 for the
above listed particulate metal compounds TAPs, which brings all of these untreated TAP
concentrations to the following treated values.

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed
DST farm Air Cleaning Unit (ACU) consists of particle removal components: demister (mist
agglomerator); prefilter; HEPA filter 1; and HEPA filter 2.
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These elements remove various size aerosols at the currently accepted efficiency of:

* Demister + 99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range
* Pre-Filter - ~ 30-80% Atmospheric dust depending on type
* 1't HEPA Filter 4 99.97% Hot DOP minimum at 0.3 micron (AMAD size)
* 2 HEPA Filter - 99.97% Hot DOP minimum at 0.3 micron (AMAD size)

The above listed efficiencies are all based on single component efficiencies. The same
efficiencies may not be true when applied to a system containing multiple components.
Components that are installed in a "filter train" may have installation irregularities, in-place
testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns, and
thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95%.
These qualifications and in place tests are not "mass based" with the exception of mist eliminator
which has a required mass basis a minimum of 99% efficiency.

The HEPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP,
Polyolefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and
smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA/CSNI/R 2009). The typical
metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the
minimum efficiency filterable 0.3 micron. (Bowling 1941, Lujaniene 1995, Ogordkinov 2004,
Papastefanos 2009). The removal efficiency for multiple banks HEPA filters while difficult to
determine using the conventional DOP aerosol test method (due to inadequate test aerosol after
the first stage) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron
238PuO2 aerosol resulted in a DF of 1.88E12 to 1.7E13 and for three HEPA filters in series the
DF was from 2. 1E12 to 4.7E13 [(Gonzales, Performance of Multiple HEPA Filters against
Plutonium Aerosols (1974); Linck, In-Place Testing of Multiple Stage HEPA Filter Plenums
(1974)]

In this evaluation, the decontamination credit of 99.99 % by mass (DF of 10E4) for the metal
aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two
HEPA filters in series when built according to the ASME AG- 1 Code and in place tested
according to ASME/ANSI N-5 10 (i.e. each HEPA stage in place tested individually). This
combined mass removal efficiency can be achieved solely by the combined filtration efficiency
of the above listed air cleaning elements without including the additional removal of the water
droplet scrubbing of these aerosols on the mist eliminator.
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Figure 7-1. Filter Penetration Versus Particle Size
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8.0 TBACT RECOMMENDATION

After detailed evaluation of the four TAPs and/or groups of TAPs and the effectiveness and costs
of emission control technologies for each, a $/ton was determined to implement a control
technology as identified in Table 8-1. All of the identified technologies were eliminated because
their cost per ton exceeded the cost ceiling guidelines previously approved by Ecology and EPA
as economically unjustifiable. Although the evaluated technology would remove 98-99% of the
pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the low
emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
HEPA filtration system in the treatment train.

I oxic Urganic Uompounts

Thermal Non-Catalytic Oxidizer $2,925,000 0.481 $6,081,000 $105,000

Activated Carbon Adsorption $790,000 0.481

Ammonia

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Scrubber

Mercury and Mercury Related
Compounds

Activated Treated Carbon
Adsorption

Particulate Metal Compounds

$2,925,000 13.12

$5,148,000 13.12

$7,583,000 13.12

$92,000 2.61E-04

$1,643,000

$223,000

$392,000

$577,000

$352,000,000

$105,000

$105,000

$105,000

$105,000

$105,000

Particulate metal compounds are removed by the required particulate filtration train
for removal of radionuclides at a 99.99% removal rate.

Notes:
aCoSt of Removal equals the Total Annualized Cost (S/year) divided by the Emissions per Year (tons).
bSee Section 2, tBACT Methodology, for a detailed discussion.
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Appendix A

The cost basis used to generate the data for each of the cost estimates for toxic organic
compounds, ammonia, and mercury and mercury related compound were developed using
previous experience and expertise in ammonia BACT evaluations; and reviewing costs from
letter 0401233/DOE-ORP: 04-ED-057 and 24590-WTP-RPT-ENV-01-005, Best Available
Control Technology Analysis for Toxic Air Pollutants for the WTP (2002). Specific quote costs
were given priority over the report estimated costs, which were 2002 and 2004 vintage, although
in several cases where comparisons were made between estimates and quotes; the differences in
cost were minor. In addition, equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials were applied
when necessary. Cost estimates do not include disposal of secondary waste or potential post-
treatment gas treatment.
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FMIM

THERMAL OXIDIZER

Budget Proposal No. 4665

NUCON International, Inc.
DECEMBER 10, 2009

Met-Pro Systems
P.0 Box 144

160 Cassell Road
Harleysville, PA 19438

847-695-2423 cell: 630-715-7849
Sean T. Gribbon, sales &

Marketing Manager
sgribbon(lmet-pro. com

www. rnet-prosystems.corn
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BUDGET PROPOSAL 4666
T ENUCON International, hic

DECEMBER 10, 2009

INTRODUCTION

COMPANY INTRODUCTION

Met-Pro Systems is pleased to submit th s proposal for your consideration Met-Pro Corporation a

NYSE listed company headquartered in Pennsylvania USA is one of the world's leading suppliers

of air and fluid purification and nandhng technology products and solutions. WNith 10 divisions and

multiple subsidiaries in the USA and Europe, Met-Pro Corporation has the global experience with

over 30,000 installations in over 70 countries to provide unequaled integrated produ.ct and

systems solutions

Met-Pro Corporation was recently recognized, for the second consecutive year, as one of
America's "200 Best Small Companies" by Forbes magazine. Through its business units, in the
United States, Canada, Europe and The People's Republic of China, a wide range of products
and services are offered for industrial, commercial, municipal and residential markets
worldwide. These include product recovery and pollution control technologies for purification of
air and liquids; fluid handling technologies for corrosive, abrasive and high temperature liquids;
and filtration and purification technologies including proprietary water treatment chemicals and
filter products.

Met-Pro Corporation has been recognized for the second consecutive year as one of the world's I
"Top Small to Midsize Manufacturers" by Start-It magazine. According to Start-It, the "SMB
1200," is "a complete list of the top small and medium-sized manufacturers in the world". All of
the companies that appear on the SMB 1200 have annual revenues between $40 million and just
under $1 billion, and many, according to Start-It, "have shown intense resilience even as
industry continues to face significant market pressures."

2
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_ 4 BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

EQUIPMENT DESCRIPTION

The thermal oxidizer is used to convert hydrocarbons to carbon dioxide and water This
occurs by heating the hydrocarbons in an oxygen rich atmosphere to a temperature that
will allow the oxidation reaction to occur at a rapid rate. The thermal oxidizer operates at
2200:F. The reactants are held at this temperature level for approximately 2 seconds.
This will provide a minimum destruction efficiency of 99.99% of the organic contaminants

The thermal oxidizer shall be of a cylindrical configuration and mounted horizontally or
vertically, depending on required pollution control equipment downstream Support legs
shall be fastened to a foundation with embedded anchor bolts and grouted in place (by
others). The casing shall be constructed of carbon steel plate and standard structural
shapes. The exterior shall be painted with a single coat of high temperature silicone-based
paint and the interior shall be refractory lined.

Air for combustion shall be drawn from ambient air and blended with the process air to
achieve a level of oxygen required for flame stability (oxygen in the process is low because
of the high water vapor content)

During -Heat-up' Idle and Cool-Down periods, no waste shall enter the unit. Fresh
ambient air shall be forced through the system using the fan Dampers on the inlet of the
fan shall isolate the unit from the process and provide an inlet for the ambient air. Heat-up
ramp rate is 50 F to 1 00'F per minute. Cold start to operation time is less than 30 minutes.

Overall Length 23

Casing Diameter: 7 - 4'

Estimated Equipment Weight: 15,000 lbs

Combustion/Dilution Air Connection. 14"

Natural Gas Connection: 3

Ancillary equipment for the thermal oxidizer shall include

" One (1) Nozzle Mix Burner

" One (1) NEMA 12 Control Enclosure with Sub-Panel

" One (1) Allen Bradley SLC5/05 PLC Controller

" One (1) lot of Field Instrumentation for Met-Pro supplied equipment.

4
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S GYS TEM S
Therma10l 0xidation

BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

* Interconnecting carbon steel Ductwork with Expansion Joints between Met-Pro
Supplied Equipment.

* One (1) Gas Train Assembly with Temperature Control Valve for natural gas

* Class I, Division II Outdoor Electrical Classification

* One (1) Combustion/Dilution Air Blower with Starter

. Two (2) Control Dampers for Combustion and Dilution air

* Two (2) Pneumatic Dampers for Process and Fresh Air Isolation

UTILITIES

Combustion Air Blower:

Natural Gas Supply:

Compressed Air Supply:

Electrical Power:

Control Power:

10 hp

270 SCFM @ 10 PSIG

275 lb/hr @ 80 PSIG

460 volt / 3 Phase / 60 Hz

120 volt / 1 Phase / 60 Hz

PERFORMANCE

Destruction and Removal Efficiency of Organic Compounds: 99.99%

SCOPE OF WORK

Supply by Met-Pro

* Equipment arrangement and design
* Equipment Supply and Fabrication (see " Equipment Description" above)
* Programming of Local control system and HMI
* Operating and Maintenance Manuals
* Installation Instructions

5
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BUDGET PROPOSAL 466f
NUCON International, Inc

DECEMBER 10, 200
Therm a! Cxi daati on

Supply by Others

The following items are to be supplied by others and are not included in Met-Pro
Systems scope of supply:

" Demolition of existing equipment or facilities
* Any modifications to existing equipment
* Building, structural, foundations, anchor bolts, grouting, embedded materials, or

any other Civil Design, Materials, and Installation
" Cranes and other tools required for demolition or installation.
" Installation labor and materials
" Design and supply of any equipment upstream of the Thermal Oxidizer.
* Any freeze or personnel protection equipment or materials including insulation

and cladding.
* Design and supply of utilities.
* Design, programming, and hardware for integration with plant control system and

data acquisition.
" All Interconnecting wiring, conduit, termination, and supports
" All Interconnecting piping, tubing, and supports.
" Interconnecting ductwork and supports for supply to Met-Pro Equipment.
" Transportation and receiving of materials to site
" Installation supervision or commissioning services

Our service department can provide installation supervision and commission services if
desired at our standard rates.
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SYSTEMS
Th e rma xidation

PRICING

The pricing given is for the supply of equipment only.
materials, and supervision shall be by others.

BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

Installation design, labor,

Met-Pro Supply as described above is:............................................$340,000

Field Supervision, Commissioning, and Training

Field Supervision, Commissioning, and Training Services are not included in the Met-
Pro Supply price given above. These services are offered at the following rates:

Field Service Personnel........... ...................... $ 1,500/Day/Person

Travel and Living Expenses............................. .... ........... $ Cost + 10%

Validity

Pricing is valid for 30 days, excluding escalation, from the date given on the cover page
of this document.

Escalation

Due to current market volatility in steel, nickel, chrome, copper, precious, and other metals, pricing
provided may be subject to escalation at time of Met-Pro issuance of purchase orders to its
suppliers.
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ENGINEERING AND FABRICATION SCHEDULE

Based upon current equipment and material availability,
applying to this project:

MILESTONE
Receipt of purchase order
Drawings for approval
Approval of drawings
Fabrication
Delivery

TIME
0
6 weeks
2 weeks
16 weeks
1 weeks

BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

we anticipate the following schedule

ELAPSED TIME
0
6 weeks
8 weeks
24 weeks
25 weeks

This schedule is predicated on customer approval within the time frame noted. Delays in approval
will extend the completion date by at least the time equal to the delay. Lengthy delays may result
in rescheduling of manufacturing, which could result in a greater offset of shipping dates and
increased prices as a result of raw material increases. Shipment timing may change depending
upon shop load at the time of order.

COMMERCIAL TERMS

* All Pricing is in US Dollars.

* All credit subject to approval.

* Payment Terms
25% of order upon award
25% of order upon complete submittal of the approval drawings
25% of order with drawing approval/release to manufacturing
25% of order with shipment

Met-Pro Systems Terms and Conditions are attached hereto and form an integral part of this
proposal.
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MET-PRO TERMS AND CONDITIONS OF SALE

The following terms and conditions form part of each proposal submitted by Met-Pro Corporation, its divisions or subsidiaries, hereinafter called
"Seller," for the sale of equipment, machinery, materials, consumables or services (collectively the "Contract Goods") to a Clientj'Customer,
hereafter called "Buyer", and any contract made by and between the parties includes as part thereof these terms and conditions. Any
provisions or conditions of Buyer's order which are in any way inconsistent with, or in addition to Seller's terms and conditions shall not be
binding on Seller, and shall not be applicable, except with Seller's written acceptance. No changes in, modifications of, or additions to the
terms and conditions of this form shall be binding on Seller unless in writing and signed by a representative of Seller duly authorized for that
purpose. Any contract resulting from this proposal shall be construed and enforced in accordance with the laws of the Commonwealth of
Pennsylvania without giving effect to the choice or conflict of law provisions or rules thereof. The parties agree that any action arising out of or
relating to this sale, shall be brought only in the Court of Common Pleas of Montgomery County, Pennsylvania, or the United States District
Court for the Eastern Division of Pennsylvania, and hereby consent to venue in such courts.

MATERIAL WARRANTY

Warranty - Seller warrants to Buyer that the Contract Goods manufactured by it is free from defects in material and workmanship under normal
use and service for a period of eighteen (18) months after shipment or twelve (12) months after initial operation, whichever occurs first, or for
such period of time as is specifically provided for on the face of the written quotation or order form, and for no additional period of time unless
Seller expressly agrees in writing to a longer warranty. All auxiliary equipment not manufactured by Seller carries such warranty as given by
the manufacturer thereof and which is hereby assigned to Buyer without recourse to Seller. Seller's warranty for consumables shall be pro-
rated over the applicable aforementioned period.

No warranty is offered as to refractories or protective coatings, other than the material composition is in compliance with specifications

Terms - Upon discovery of defects in materials or workmanship during such eighteen (18) months after shipment or twelve (12) months after
initial operation as described above, Seller shall either repair or replace the equipment, on the condition that the conditions set forth
immediately below are met. Even if Seller repairs or replaces the equipment, its original warranty term is not extended. Seller's obligation
under this warranty is, at Seller's sole option, to a one-time repair or replacement of any part which is shown to Seller's reasonable satisfaction
to have been defective as to material, workmanship or design, provided that:

1. written notice of such defect is given to Seller within ten (10) calendar days of discovery thereof;
2. the equipment has been installed and operated in accordance with the purpose for which it was purchased and the installation, operating,

and maintenance instructions provided by Seller;
3. no alterations or substitutions have been made in the equipment;
4. Seller may require the return of the defective material to establish any claim or make repairs but in no event shall the material be returned

without Seller's consent. All returned equipment or parts must be free from any hazardous materials;
5. No payment or allowances will be made for repairs or alterations in the equipment unless Seller's prior written approval has been

obtained. All removal, shipping, and reinstallation costs shall be to Buyer's account; and
6. Seller shall not be required to honor any warranty obligation until such time as it shall have been paid in full by Buyer.

PATENT WARRANTY

Seller shall defend at its expense any suit or proceeding brought against Buyer based on any claim that the equipment manufactured by Seller,
except for equipment/material manufactured and/or designed to Buyer's specifications, infringes any United States patent issued as of the date

of the proposal or contract provided Buyer gives to Seller immediate notice in writing of the institution of the suit or proceedings and permits
Seller, through its Counsel, to defend the same and gives Seller all needed information, assistance and authority to enable Seller to do so,
On any equipment or component manufactured by others, Seller shall pass through any patent indemnity offered by said manufacturer. Sellei s

liability shall be limited to rendering reasonable assistance to Buyer to enforce said indemnity, which term shall not be deemed to include the
payment of any fees or expenses of Buyer's legal counsel or to require Seller to institute suit or to participate in any such litigation.

IMPLIED WARRANTIES AND DISCLAIMER
THE WARRANTIES FURNISHED BY SELLER AS EXPRESSLY INCLUDED HEREIN CONSTITUTE SELLER'S SOLE OBLIGATION
HEREUNDER AND ARE IN LIEU OF ANY OTHER WARRANTIES EXPRESSED OR IMPLIED, INCLUDING WITHOUT LIMITATION
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WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, EVEN IN THE EVENT OF A FUNDAMENTAL
BREACH BY SELLER. THERE ARE NO WARRANTIES, WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE HEREOF.

DISCLAIMER OF WARRANTIES
SELLER SHALL NOT BE LIABLE TO BUYER OR BUYER'S CUSTOMER FOR INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED
DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE, LOSS OF USE OF CONTRACT GOODS, COSTS OF
REPLACEMENT POWER OR CONTRACT GOODS, ADDITIONAL EXPENSES INCURRED IN THE USE OF CONTRACT GOODS OR
FACILITIES, OR THE CLAIMS OF THIRD PARTIES, EVEN IF SELLER HAS BEEN ADVISED OF POSSIBILITY OF SUCH DAMAGES. THIS
DISCLAIMER SHALL APPLY TO INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED DAMAGES BASED UPON ANY CAUSE OF ACTION
WHATSOEVER ASSERTED AGAINST SELLER, INCLUDING ONE ARISING OUT OF PRINCIPLES OF CONTRACT, ANY BREACH OF
WARRANTY, EXPRESSED OR IMPLIED, GUARANTEE, EQUIPMENT OR OTHER CONTRACT GOODS LIABILITY, NEGLIGENCE, TORT,
OR ANY OTHER CAUSE PERTAINING TO PERFORMANCE OR NON-PERFORMANCE TO THE PROPOSAL OR CONTRACT BY SELLER.
BUYER SHALL HOLD SELLER HARMLESS FROM ANY SUCH CLAIMS BY BUYER'S CUSTOMER.

INSPECTION

If upon receipt of the Contract Goods by Buyer, the same shall not conform to Buyer's order, Buyer shall notify Seller in writing within ten (10)
days from receipt of the Contract Goods and before any pail of the Contract Goods has been changed from its original condition. Such
notification shall provide detailed information as to the nonconformity or shortage and Buyer shall hold the Contract Goods for Seller's
disposition and afford Seller a reasonable opportunity to inspect the Contract Goods. Seller may, at its option, replace without charge, refund
the purchase price, or make a fair allowance for defects or shortages demonstrated to Seller's satisfaction to have existed at the time of
delivery. Seller may require the return of the Contract Goods to establish any claim but in no event shall Contract Goods be returned without
Seller's consent.

LIMITATION OF LIABILITY OF SELLER
In addition to the other limitations on Seller's liability provided for herein, in no event will Seller's liability to Buyer for any and all claims,
including property damage or personal injury claims, allegedly resulting from breach of contract, warranty, strict liability, tort, or any other theory
of liability involving this proposal or contract exceed the amount of the purchase price paid to Seller.

PRICE
1. Prices are F.OB. point of shipment.
2. Oral and written quotations are subject to acceptance within thirty (30) days from date.
3. Prices on equipment of Seller's manufacture are firm, provided it is shipped within the quoted and agreed upon shipment schedule. If

Buyer causes shipment to be delayed Seller reserves the right to invoice at Seller's price effective at time of shipment.
4. Any excise, sales, use taxes or other taxes imposed by Federal, State, or municipal authority and incurred by Seller applicable to the

material sold, shall be to Buyer's account and are in addition to the prices quoted, unless Buyer provides Seller with a proper tax-
exemption certificate. Buyer hereby agrees to indemnify, defend and hold harmless Seller from any taxes, fines, penalties and costs,
including attorneys' fees, incurred or paid by Seller arising out of any such claim of exemption. This defense and indemnity requirement
shall survive this contract and any releases resulting from same.

TERMS
Terms of payment are in accordance with the proposed payment terms and are payable 30 days net from the date of invoice.
For late payment, Buyer is subject to a late charge of eighteen percent (18%) of the unpaid fees per annum (1.5% per month) or the maximum

allowed by law, whichever is less.
If Seller does not receive payment in full for the Contract Goods and any monies otherwise due by the due date then Seller may, at its option at

any time while the whole or any part of the monies due remain outstanding, take possession of the Contract Goods, or any part, delay or
stop future deliveries, and terminate this agreement, in which case Seller is entitled to recover any loss. including loss of profit, which ioss
will carry interest under paragraph 2 of this Section.

Pro rata retainage fees or backcharges will not be accepted by Seller.
Buyer will be responsible for all expenses incurred from any collection proceedings.

DELIVERY
Delivery dates are estimated by Seller on the basis of the best available information and cannot be guaranteed.
Where Contract Goods are delivered in multiple deliveries, Seller may deem each delivery to be a separate contract, and no default or failure

by Seller in respect of any one or more installments shall vitiate any contracts with respect to Contract Goods previously delivered or
undelivered.

B-58 
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Force Majeure - Seller shall not be liable for any loss or damage arising out of delay in shipment or delivery, or failure to manufacture, or
failure of equipment to operate, due to causes beyond its reasonable control, such as but not limited to, Acts of God, Acts of Buyer, Acts of
Civil or Military Authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot, delays in transportation, car
shortages, and Seller's inability to obtain necessary labor, materials, or manufacturing facilities. In the event of any such delay, the date of
delivery shall be extended for a period equal to the time lost by reason of the delay and Seller shall be entitled to an equitable adjustment
in the sales price for increased costs incurred.

All risk of loss or damage to Contract Goods furnished hereunder shall pass to Buyer, F.O.B. point of shipment.
Seller reserves the right to ship all or any part of the Contract Goods from any shipping point of any of its sources of supply other than the

shipping point specified herein, Shipment will be made by the method or carrier deemed most feasible by Seller unless otherwise
requested in writing by Buyer.

GRANT OF SECURITY INTEREST
As security for the payment in full for the Contract Goods, as a condition of the passage of title to Buyer for the Contract Goods as provided for
hereunder, Buyer grants to Seller a first priority security interest in the Contract Goods, wherever located, together with all Accounts, Products
and Proceeds of any and all of the Contract Goods (as such terms are defined by the Uniform Commercial Code as from time to time in effect
in any applicable jurisdiction). Upon default in payment by Buyer, Seller may exercise all rights of a Secured Party as provided for by the
Uniform Commercial Code.

CANCELLATION
Cancellation of order by Buyer, or any part thereof, will not be effective unless accepted by Seller in writing. Accepted cancellation will be
subject to a charge to cover all costs incurred to the date of acceptance, plus reasonable cancellation costs, plus profit on the completed work.

SUSPENSION
In the event Buyer suspends the execution of work, Buyer shall reimburse Seller for all costs incurred by Seller as a result of such suspension,
including, without limitation, all borrowing and opportunity costs. In the event the suspension exceeds 180 days in duration, in addition to being
entitled to full reimbursement of costs as aforesaid, Seller shall have the unqualified right to cancel the unfinished portion of the contract without
liability to Buyer of any kind.

GENERAL CONDITIONS
1. Non-stock Contract Goods made specifically to order are not subject to return for credit. Any portion of non-stock Contract Goods in

process of manufacture is not subject to cancellation. Any charges after manufacture has started could necessitate additional charges for
work done and material consumed.

2. Quotations are merely negotiations to trade and not offers to contract.
3. Seller reserves the right to correct any factory, engineering, clerical and/or stenographic errors or omissions.
4. Changes in design are made at Seller's discretion. Seller has no obligation to incorporate these changes in units manufactured prior to

the change.
5. It is expressly understood that any and all drawings, instructions, and/or technical and engineering services, which Seller may furnish with

reference to the installation or use of its Contract Goods, are furnished solely for the review and approval of Buyer and its engineers.
Seller makes no representation or warranty with respect to the accuracy or sufficiency of any such information and assumes no obligation
or liability for results obtained.

6. Waiver by Seller of a breach of any of these Terms and Conditions shall not be construed as a waiver of any other breach.
7. To combat corrosion, abrasion, or erosion, or operation at elevated temperatures, any such recommendations will be based on the best

available experience of Seller and the supplier of the material, BUT WILL NOT CONSTITUTE A GUARANTEE AGAINST THESE
EFFECTS.

11
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Best Available Control Technology Analysis fot

Toxic Air Pollutants for the WTF

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S120 H LW Melter Offgas Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Subtotal - Building (per highest applicable cost area) Equipment Specific

Total Direct Ioet

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Star-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA H andbook Control Technologies for lazardous Ar Pollutants (June 1991).

B-61

Cost Item Basis Example Cos

$382,316.00
$0.00

$57,347.40
$19,115.80

$458,779.20

$36,702.34
$64,229.09
$18,351.17
$18,351.17
$18,351,17
$9,175.58

$165,160.51

$20,000.00

$91.608.00

$91,608.00

$735,547.71

equipment size
66 sf

$45,877.92
$22,938.96
$45,877.92
$4,587.79

$68,816.88

$188,099.47

$923,647.18
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S120 HLW Melter Offgas Unabated

Source: Modified from EPA Handbook Control Technologiesfor Hazardous Air Pollutants (June 1991),

Page B-89
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Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 lb $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals $52,013.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $100,000.00

Maintenance
Labor $17/Hr 24 hr/2 yr $204.00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $18,472.94
Insurance i%of'TCC $9,236.47

Total Annual Costs (TAC) $187,166.42

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $94,451.62

Grand Total Annualized Costs ACI + TAC $281,618.04
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
LPP LAW Melter Feed Evaporator

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

equipment size
88 sf

S427,609.00
$0.00

$64,141.35

$21,380.45

$513,130.80

$41,050.46
$71,838.31
$20,525.23
$20,525.23
$20,525.23
$10,262.62

$184,727.09

$20,000.00

S 122.144.00

$122,144.00

$840,001.89

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

$51,313.08
$25,656.54
$51,313.08

$5,131.31
$76,969.62

$210,383.63

$1,050,385.52

Source: Modified from EPA H andbook Control Technologies for Hazardous Air Pollutants (June 1991).
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
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Stream S41Z

Cost Item Basis Example Cost

$393,515.00
$0.00

$59,027.25
$19.675.75

$472,218.00

$37,777.44
$66,110.52
$18,888.72
$18,888.72
$18,888.72
$9,444.36

$169,998.48

$20,000.00

$91.608,00
equipment size
66 sf

$91,608.00

$753,824.48

$47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,832.70

$193,609.38

$947,433.86
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S74/SI LPP LAW Melter Feed Evaporator

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
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Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 lb $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals S74,019.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific S 100.000.00

Maintenance
Labor $17/Hr 24 hr.2 yr $204.00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $21,007.71
Insurance 1% of TCC $10,503.86

Total Annual Costs (TAC) $212,974.57

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $107,411.81

Grand Total Annualized Costs ACI + TAC $320,386.37
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S41Z PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

equipment size
66 sf

S393,515.00
$0.00

$59,027.25
$19,675.75

$472,218.00

$37,777.44
$66,110.52
$18,888.72
$18,888.72
$18,888.72

$9,444.36

$169,998.48

$20,000.00

$91.608.00

$91,608.00

$753,824.48

$47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,832.70

$193,609.38

$947,433.86

Total Indirect Costs

Total CapItal Costs (TCC)

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WrP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
PT Vessel Vents Unabated

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (]Line 1991).

Page B-171
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Stream S41Z

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity S0.08/kWhr S5,000.00
Steam $6.00/1000 lb $0.00
Water 50.25/1000 gal. $0.00
Materials/Chemicals S52,01 3.00

Operating Expenses
Operator $20/Hr 52 hr S 1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $0,00

Maintenance
Labor S]7/Hr 24 hr:2 yr S204.00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $18,948.68
Insurance I% of TCC $9,474.34

Total Annual Costs (TAC) $87,880.02

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $96,884.03

Grand Total Annualized Costs ACI + TAC $184,764.05
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TOTAL ANNUAL COST SPREASHEET PROGRAM- THERMAL INCINERATOU -

-C,, BSE DATE A pml 1I -

VAPCCI (Th wd Quarter 2003--PREL IMINARY) 2]" -

INPO r PARAME FERS

Peferenice Ienpeiature (oF)
Inlet as temperature (oF)
Inlet as density (b/scf)
Priairy hea recoveryjfractiog)
/al-i'te_gis neat Content (BTU.'sc)

Waste gas heat content (BTUlb
- Gas heat capacity (ETUitb-oF)

Combustion temperature (oF)
-- Preheat tepe atture (oF)

- Fuel neat of Combustion iBTUrlb)
Fuel density (Ib ft3)

I-

1099 From Chemical Eng ineering

COMMENTS

0.0749
0 70

0.24

', 1

'Adjusted for representative natural gas.
Adjusted for representative naturalgas.

T-

DI

AuxtharyFuct Regrmint flb/rmn).

Total Gas Flowrate (sclm) I

C,

ESIGN PARAMETERS

(scfm C

APl TAL COSTS

Lqjip tni (osts~~j
nI niror ~

0 heat recovery
E9 %heat recove iy
- M 0 heat recovery
70 heat recovery

)h r (:1 ix Ho y oequpnent et 1
T- u Eupment Cost--base

i-;calated:

P-i chased EqLuipjilent Cost (S)
Nko f TInk lif f, idi -

1 9791
43.8
4 044

0

0,9
1 70,19*1

170,189
233945

This is sent to the "TCI Adjust sheet as the
252,661 equipment value.

Is ver e 0 oxi zer
This is the total TCI for all tanks, based on the
number of installations and the TCl values from the

Total Cap vestment (S)_ 1,544,539 "TC Adjust" sheet,

ANNUAL COST INPUT

Opeiasng acnl, (hr Iy)
Opeorahngjlabor ra'e (Sir)

Maintenance labor rate (S/ir)

Operoan Iabor factor (br/sh): 1~~
Maintenance labor factor (hr'sh)
Electricity prie{i kw ):
Natural gas aricL (5mscf) J

Annual iterest rat (fract on)

Control System life 0 ears):
Capital rCOverV Iactor

00

i 0

11
0 134

--1--
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TCl-T12 DST AN or AW 70% HR

Tn -s -i ra jnp ad(0 -Vi.:
Pres- ure drop (:n .v-c

Nuprflv'oryC la"
Malinrtonanee labor

t nance iateils
Naiurd ia U9 - - - - - - -

-

EjeCti Ii

rTaxes ins aino s

T ati Ankai Cost

TCl-Ti2 DST Recup TO-VOC

19.0

ANN5UALCOSfS

ost iSy n Wt Factor ^ F bond

0 0.000 --
0 005

27,802 0.058
27,802 __ .05-8

115,089 0.239
10,500 0.022 --
33,362 0.069 0.184
61,782 0.128

205,975 0.427 0.555

482,312 1 1.000

11 Orijinal orJUIpnent COsts relec tis te
J2] VAPCCI = Vatavuk Air Pollution Control Cost Index (for thermal
ncineratr)correspondingtfj year and quiar te shown Ori nal
eqwpmrntcost_purchased eqipment cost and total capital nvestment
have been escalated to this data via the VAPCCI and control equment
vcdOr rata

Total Unabated VOC Emissions =
Emission Control Efficiency
Total Abated VOC Emissions
Cost-Effectiveness, S/ton

Heat
Recovery Cost-Effectl

507,483
0 70 507,483
0.50 506,606
0.35 _514.211_
0.00 547.353

oFor AN or AW individually

0.9504
$507,483

TCI

1,544,539
1,544,539
1,238,126
1,044,408
663.548

Total
Annual Cost,

482,312
482,312
481,479
488,706
520204

Annual VOC
Reduced,

tons
0.9504-
0.9504
0.9504
0.9504
0.9504

B-69
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TCI-Tl2 70% HR AN or AW TC-T12 DST TO-All TAPs

TCTAL ANNUAL COS1T SPREADSEIET PROGRAM-I- HERMAL INCP-NERATOR '-

C('ST BASE DA TE Apri 1988 11

\/A1 l- (Third Quarter 2003--PREL MI NARY). }

J NPUT PARAMETERS

GU owrate (scim):
Rce rence temperature (oF)

_nlet aso rature (oF
Inlet gas density_(lb/scO:
Pimary heat _ecover (fraction
Wastu gas heat content (8TU/scf):
VW'asto gas ha content (BTU/b):
Gas heat caacity (BTU/b-oF
Combustion temperature (oF)

-- l'rteial temperatUra (oF).

hel tie at of coimbLSion_ (BTU!lb)
density Ib/rt3L

DESIGN PARAMETERS

Aux lary Fuel Remint (b

(scirmt
Toftal Gas Fowrate (scfm---

CAPITAL COSTS

-- ----- ----ar
-- _ 0 %) . heat recovery:

5 % heat recovery
50 % heat recovery.

(_70 % heat recovery.
ithor lauxilary equipment, etc-):

otaI Equipment Cos I-base:
--escalated

Purchasco Equipment Cost (S):
No. of Tanks over life of Systerm

109.9 From ChemicalEn neering

COMMENTS

0.0749
0.70

0,24

e., Adtusted for representative natural gas.
'Adiusted for re resentative natural gas

2.258
49.91
4,050

Fuel Input (MMBtuh) LHV Basis

2.80:

T --- ---
0

170,254

170,254
234,034

This is sent to the "TCt Adjust" sheet as the
252,757 1equipment value.

!This is the total TCl for all tanks, based on the
number of installations and the TCl values from the

Tolt Capital Investment (S): 1,545 126 *TCI Adjust" sheet.

-ANNUAL------ C- TN1 ANratnq_(actor13--

'perating fair r

9~citin hbo rae (hrMiantenance labor rate (S/br):
2oecLt nQgabor factor
Maintenance 1abor tactor (hr/sh)
Electricty oice (S/kwh)

Natuial gas price (S/mscf):

Annual interest rate (fraction):

Control syste Lf ea C(yPL
Capital rccoverv lactor:

0 V

--I ___
- --- ---- - --I

From series in Chemical Engineering by
11 Vatavuk/EPA for thermal oxidizers.

0.1334

Page 1 of 3 5/25/2004
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TCI-T12 70% HR AN or AW TCI-Tl2 DST TO-All TAPs

i QXC§ Ie_1 I bTCU,.dr fi 'C

A NU,/,L (tGST3

cc t i C W.i) F No- I conci

LStipn s- a b r -

l,,Ir Ore naler ,v

N ' I i

T - - ..r .-I ST

To 'I ikreua U

0.

27602
27,802

131,263
10,516
33362
61,805

206,053

48604

0.000
0.000

0-0560.056 --

0.263
0021
0.067 0,178
0124
0.413 0.537

1.000 1.000

Ia'_equIpriT costs refiect this date.
i2 VAPCCI = VatavtkAir Poi1tigoI Control Cort index ocr termal

ncrnetcs) cOrre.spOndi~ng to year and quarter sow. Original

cquipmEnt cos!. purchased eQuipmlent cost, and total capital investmrrent
hav be n escalated to this oats via the VAPCC and control equnplort

venr 0dta

TotalUnabated Emissions
Emission Control Efficiency=
Total Abated Emissions =

Cost-Effectiveness, S/ton

Heat
Recovery

0.70
0_50
035 

Cost-Effect.

262,313
262.313
266,137
273,134
297 137

TCI
1.545,126
1,545,126
1.238,828
1.045,176

66>4 19

Non-NH3 NH3 Total TAP

1.92!

0 95 0.95 1.90
$524,625 S524,625 $262.313

Annual TAP

Total Reduced,

Annual Cost tons

498,604 1.90
498.604 i 1.90
505,873 1 90
519,174 1.90
564.77 1.90

5/25/2004Page 2 of 3
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Appendix 1-C Adsorber Costs
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NUCON International, Inc
7000 Huntley Road
Columbus, OH 43229

Phone: 614-846-5710
Fx: 614-431-0858

www.nucon-int.com

"rn,

c:i
0
!,

Name:

Proposal No.: 12328
Attachments: Vessel Description

LAdsorbent data sheet

Phone: Fax:

Date: 12 Apr 10
Exp. Date: 12June 10

Email:

Company: Columbia Nuclear International LLC
Address:

Ref Description
Adsorber vessel per attached description with 11,000 lbs
of NUCON MERSORB 3 Mercury Adsorbent

Unit Price Total Price

$247,000 $247,000

I Please Contact I Joe Ennekina 1 Phone Ext.: 111 T Email: joe enneking nucon-int.com

Form: FP-24 (2004-11-10)

Page 63

QUOTATION/PROPOSAL

lot ]
Terms: Net 30 days
Shipment: 20 weeks after drawing approval
FOB: Columbus, OH

Total $247,000

B-73
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Date, 24-Feb-10

NUCON International, Inc.
7000 Huntley Road, Columbus OH 43229

Phone: 614-846-5710 FAX: 614-431-0858 Internet: www.nucon-int.com
Preliminary Design for a Vertical Adsorber with ASME Flanged & Dished Heads

Client: Hanford Hg Adsorber

Fluid Properties:
Fluid flow rate, lb.hr
Fluid pressure, psia (Ref. only)
Fluid temp., 'F (Ref, only)
Average mol. wt.(Ref. only)
Viscosity, Centipoise
Fluid actual density, lb/cu ft
Compressibility factor (Ref. only)
Dew Point, 'F (Ref only)

Vessel Design:
Material (CS or SS)
Diameter, ft
Design Temp, *F
Design Pressure, psig
Corrosion allowance, in.
Joint efficiency

Activated Carbon:
Pellet diameter, mm.
Carbon weight,, lb
Carbon bulk density, lb/cu ft

Calculations:
Inlet & outlet nozzles, in.
Carbon volume, cu ft
Carbon depth, ft
Carbon depth. in.
Design stress, psi
Shell thickness, in
Head thickness, in
Cylinder length, inches
Over all vessel height, ft
Total steel weight, lb
Flow area, sq ft
Superficial velocity, ft/min
Superficial velocity, ft/sec
Total Flow,acfm
Mass velocity, lb/hr/sq ft
Empty Bed Contact Time, sec
Delta P, "WGIft
Total Bed Delta P, 'WG
Total Bed Delta P, psi

9150
14.7
167

28.966
0.0209

0.050754

50

ss
10.0
200

15

1

3
11000

35

14
314
4.0
48

16700
3/16
3/16

90
10.9

3969
79

38.26
0.64
3005

117
6

0.66
2.63
0.10

SF

T DCB SS Of

VESSEL SKETQCH 1S NOT TO SCALE

All Dimensions in Inches
CB = 48
DR = 120
HT= 3/16
ICR = 7.3
ID= 120
OAH= 131
SF = 1 1/2
SS = 90
ST = 3/16

Beta Version 1.07

B- 74 Page 64
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PRE( 1I'1CT RESIN NSIBILITY Proposal 13238

Tlie fo1 lo wiig 1)r(oject responsibility matrix is tIC basis I r

changes in scope Imay IrIe 1lt in price adjustiicnIts.

B-75

RESPONSIBILIIY

ACTIVITY NUCON CLIENT

5.1 ENGINEEIRING AND DESIGN

.5.1.1 Verification ol desigi dI(lai - operati(onal llow rates, X

adsor)bate com positi ols, etc.

5.1.2 Equipiniiit specilicatiOns X

5.1.3 Electrical engineering N/A

5.1. 1 Fire protection & saeCty enl gineering X

5.1.5 Process engiIeering X

.1.6 Mechanical engineering X

5.1.7 Insulation specilicatioIIs X

5. 1.8 Software validation (when required) N/A

5. 1.9 Process review ul vendor drawings X

5.1.10 Dimensional review 0! vendor drawings N

5.1.11 Saldty review (pre-shipmeut) X

5.1.12 Control system engineering N/A

5.1.13 1 Icat ainI material balale hlow sleet N/A

5.1.1 1 Design criteria

5.1.15 Instrument loop (iagramis N/A

5.1.16 Piping and instrumentation diagram X

5.1.17 Coilst rI'ct iII dlrawings (civ il and lot idatioll) X

5.1.18 Demolition drawings (civil 1 and loundatioll) X

5.1.19 Drawing revisions anI updates X

5.1.20 System layout drawings X

5.1.21 1Aquip1ment arrangemens drawings X

Page 65
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RESPONSIBILITY

ACTIVITY NUCON CLIENT

5.1.22 Process flow (iagrmis X

5.1.23 1Piping schedule (line list) X

5.1.2 1 Instrument specilications N/A

5.2 PROCI UREMENT

5.2.1 Process equipmileni procLIrciiet X

5.2.2 Process Saicty equipfmlenlt procuremnci N/A

5.2.3 Shop inSpection X

5.2.4 Receiving/storing/warehousing X

5.2.5 Expediting X

5.2.6 Fire protection equilment procureennt X

5.2.7 Handling and (list ribuiio of) ven(or drawings X

5.2.8 Spare parts X

5.2.9 Quality Assurance X

5.3 FIELD CONSTRUCTION

5.3.1 Site sti(ies an(l Pre)aratlion X

5.3.2 Demolition X

5.3.3 Construction sp)ecilwations X

5.3A Construction conltracts X

5.3.5 E(uipmeii/materils I)rotection X

5.3.6 Insulation shop installe(l at NUCON X

5.3.7 Insulation fiel(d installed on-site X

5.3.8 Field construction management an( supervision X

5.3.9 Field inspection X

5.1.10 On-site space an( services fOr NUCON l)ersonnel X

Page 66B-76
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RESPONSIBILITY

ACTIVITY NUCON CLIENT

5.A I LI LITIES

5.1.1 EJc(lrical p~owcr X

5.1.2 MCC X

5.1.8 Steam ( Not applicablc this Prop)osal)

5. L 1 Cooling water X

5.4.5 Chilled water X

5. L6 Plant compressed air X

5.4.7 Instrument air X

5.4.8 Nitrogen X

5.1.9 Process Control Computer N/A

5.5 PROJECT CONTROL & MONITORING

5.5.1 Project managemleilt X

5.5.2 Scleduling X

5.5.3 Progress/status reporting X

5.6 OPERATIONS

5.6.1 Conunissioning lechnical Assistance X

5.6.2 Start-up Teclical Assistance X

5.6.8 Pre-operational salety check X

Page 67
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NUCON International, Inc.
P.O. BOX 29151 7000 HUNTLEY ROAD

COLUMBUS, OHIO 43229 U.S.A.

TELEPHONE: (614) 846-5710
FAX: (614) 431-0858

WEB SITE: www.nucon-int.com

Technical Data Sheet:
MERSORWB-3 (2005/03)

@I

TYPICAL APPLICATIONS:

RAW MATERIAL:
ACTIVATION METHOD:
PARTICLE TYPE:
IMPREGNANT:

PHYSICAL PROPERTIES:

Mercury control

Coal
High Temperature Steam
Pellet
Sulfur

APPARENT DENSITY
HARDNESS
ASH
MOISTURE CONTENT, as packaged
PARTICLE SIZE.
CARBON TETRACHLORIDE ACTIVITY
SULFUR CONTENT

(ASTM D2854)
ASTM D3802)
(ASTM D2866)
(ASTM D2867)

(ASTM D3467)

0.55 g/ml. Typical
98 % Typical
10 wt %Typical
5 % Maximum
3 mm Diameter
60 % Minimum
13 % Typical

Additional ASTM or custom testing available on request

PACKAGING: Square fiber drums (150 pounds) or "tote bags"(1,000 pounds)

Information herein is accurate to the best of our knowledge. User should determine the
suitability of the product for the intended use; liability consists of replacing product.
NUCON INTERNATIONAL, INC., does not suggest violation of any existing patents or
give permission to practice any patented invention without a license.

For additional injormation contact:

NUCON International, Inc,

7000 Huntley Road, Columbus, OH 43229, USA
Telephone: 614-846-5710 FAX: 614-431-0858 www.nucon-int.com

B-78 
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Pressure Drop Curve for All NUSORB® Grades of
1.5 mm, 3mm and 4 mm Diameter Pelleted Carbons
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber

HLW Melter Offgas Unabated

Cost Item Basis Example Cos

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment ($IO/cfrn)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

equipment size
52 sf

Equipment Specific

Total Direct Cost

$1,977,962.00
S23,000.00

$296,694.30
$98,898.10

$2,396,554.40

S191,724.35
$335,517.62

$95,862.18
$95,862.18
$95,862.18
$47,931.09

$862,759.58

$20,000.00

$72.176.00

$72,176.00

$3,351,489.98

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

$239,655.44
$119,827.72
$239,655.44
$23,965.54

$359,483.16

$982,587.30

$4,334,077.29

Total Indirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologiesfor Hazardous Air Pollulants (June 1991).

Page B-58

Stream S120
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber
Stream S120 HLW Melter Offgas Unabated

Source: Modified from EPA Handbook Control Technologiesfor Hazardous Air Pollutants (June 1991).

Page B-59

Page 71
B-81

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $0.00
Steam $6.O/1000 lb $S.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00

Operating Expenses
Operator $20/Hr 52 hr S1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 184 cf/yr x S 129.24/cf $23,780.16

Maintenance
Labor 17/Hr 72 hr/2 yr $612.00
Materials 5,520 lbs/yr $5,520.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80
Administrative 2% of TCC $86,681.55
Insurance 1% of TCC $43,340.77

Total Annual Costs (TAC) $162,215.28

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $443,200.21

Grand Total Annualized Costs ACI + TAC $605,415.48
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S74/S1 LPP LAW Melter Feed Evaporator

Source: Modified from EPA Handbook Control Technologiesfor Hazardous Air Pollutants (June 1991).

Page B-197

Page 72
B-82

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $0.00
Steam $6.00/1000 lb $0,00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 296 cf/yr x $129.24/cf S38,255.04

Maintenance
Labor SI7/Hr 72 hri2 yr $612.00
Materials 5,520 lbs/yr $10,000.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80
Administrative 2% of TCC $115,524.16
Insurance 1% of TCC $57,762.08

Total Annual Costs (TAC) $224,434.08

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $590,671.66

Grand Total Annualized Costs ACI + TAC $815,105.74
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24590-WrP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S41Z PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment ($10/cfm)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollhants (June 1991).

Page B-140

Page 73
B-8 3

Cost Item Basis Example Cost

$2,128,949.00
$26,000.00

$319,342.35
$106447.45

$2,580,738.80

$206,459.10,
$361,303.43
$103,229.55
$103,229.55
$103,229.55

$51,614.78

$929,065.97

equipment size
52 sf

$20,000.00

S72.176.00

$72,176.00

$3,601,980.77

$258,073.88
$129,036.94
$258,073.88

$25,807.39
$387,110.82

$1,058,102.91

$4,660,083.68
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S41Z PT Vessel Vents Unabated

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).

Page 74

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity S0.08/kWhr $0.00
Steam $6.00/1000 lb $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 208 cf/yr x $129.24/cf $26,881.92

Maintenance
Labor $17/Hr 72 hr/2 yr $612.00

Materials 6240 lbs/yr $6,240.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80

Administrative 2% of TCC $93,201.67

Insurance 1% of TCC $46,600.84

Total Annual Costs (TAC) $175,817.23

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $476,537.43

Grand Total Annualized Costs ACI + TAC $652,354.66

B-84
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Wet Caustic Scrubber
PT LAW Evaporator Offgas Lnabated

Parect Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Coms (lstallaten)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total Indirect Costs

Total Capital Costs (TCC)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1.3si/sf

Equipment Specific

10% of PEC
5% of PEC'
10% of PEC
1% of PEC
15% of PEC

Source Modified from EPA Handbook ContrW Technologies for llazardos Air Poah.ants (Julic 1991)

Page B-284

Page 78
B-88

Stream S9vIS17

Cost Item Basis Example Cos

$552,000.00
$0.00

$82,800.00
$27.600.

$662,400.00

$52,992.00
S92,736.00
S26,496.00
$26,496.00
S26,496.00
S13-248.00

$238,464.00

$20,000.00

524,984.00
equipment size
I S s

S24,984.00

S945,84&00

$66,240.00
$33,120.00
$66,240.00

$6,624.00
$99,36000

$271,584.00

S1,217,432.00
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Wet Caustic Scrubber
SI rean S59vJS 17 PT LAW Evaporator Offgas Unabaled

Source: Modified fion, EPA Handbook Control Technologes for Hazardous Air Polluwants (June 1991).

Paae B-285

B-89

Cost Item Factor Example Cost

Direct Annual Costs
Ut iiies

Flectricity $0 O8kWhr $0.00
Steam $6.00;1000 lb SOo
Water $0.25. 1000 gal $5,000.00
Material&Chemicals Process Specific $25,000.00

Operating Expenses
Operator $20/Hr "2 hr S1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $0.00

Maintenance
Labor SI7/Hr 2J hr 2 yi $204.00

Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs S840.00
Administrative 2% of TCC S24,348.64
Insurance 1%ofTCC S12,174.32

Total Annual Costs (TAC) $68,966.96

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) S124,493.88

Grand Total Annualized Costs ACI + TAC $193,460.84

Page 79
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Wet Caustic Scrubber
Stream S41 PT P.IM/R FD Offgas Unabated

Cost Item Basis Example Cosi

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment (heat xcrs, quench, etc.)
Instrumentation and Control 15% of Equipment
Freight 5% of Equipment

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
31,388/sf

Equipment Specific

equipment size
36 sf

S I,224.000.00
$0.00

$183,600.00
561-20000

$1,468,800 00

$117,504-00
$205.632.00
$58,752.00
$58,752.00
$58,752.00
S29376,00

$528,768.00

$20.000.00

$49,968.00

30.00
$49,968 00

$2,067,536.00Total Direct Cost

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

$146,880.00
$73,440.00

S146,880.00
$14,688.00

$220.320.00

$602,208.00

$2,669,744.00

Scurce: Modified f'rom EPA Handbook (o'mrol Technologies for ifazardow Air Pot!.anis (June 1991)

Page 8-136

Page 80B-90

Indirect Costs (Installation)

Total Iadirect Costs

Total Capital Costs (1CC)
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TRACT Control Technology Cost Estimate
Wet Caustic Scrubber
Stream S41 PT PJM/RFD Offgas Unabated

Source Modi fied from EPA H andbuok Corntrn Technologies f.r HaYwrdpuf Air Pollnuints (June 1991 )

Page B-137

Page 81
B-91

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0,08/k Whr $0.00
Steam $6.00/1000 lb $0.00
Water $0.25/1000 gal $10,000.00
Materials'Chemicals Process Specific $50.000 00

Operating Expenses
Operator S20/Ir 52 hr yr $1.040.00

Supervisor 15% of Operator $156,00
Secondary Waste T&D Process Specific S0 00

Maintenance
Labor SI 7/Hfr 24 hr/2 yr S204 00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs S840.00
Administrative 2% of TCC $53,394.88
Insurance 1% of TCC 526,697.44

Total Annual Costs (TAC) $142,536.32

Rate of Return on Capital Investment 10.0/o
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $273,006 46

Grand Total Annualized Costs ACI + TAC S415,542.78
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Appendix 2

MERSOB® Mercury Adsorbents NUCON Bulletin 11 B28, August 2004
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NUCON International, Inc

MERSORB* Mercury Adsorbents

Design and Performance Characteristics

MERSORB -1.5
MERSORB -3
MERSORBO-4

MER SORB*-LW .
MERSORB-LH
MERSORB 1-H
MERSORBS-CR

NUCON Bulletin 11 B28 - August 2004

NUCON International, Inc
7000 Huntley Road Columbus, OH 43229

Phone: 614446-5710 Fax: 614-431-0858 http:Jlwww.nucon-4nt.com/
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NUCON International, Inc MERSORBV
7W Huny Road - Colma4, OH 43220 Butln 11 B2
Ph: B14-846710 - Fx: 814-431-DM - w_ _oan-ntDwn AugurA 20(4

T able of Contents

Section Page

Backgrour 3

Introccuctcr 4
Physica* Propertes A
Control Methos 6

Gas Poase Appications ,
Long Term Laboratcry Tests 7
Acsorption Capacty 9
Particle Sze Effects 10

Performance *0
Pressure Drop 11

Velocity Effects 12
Tenperature Effects 13
Lakcratory Test Resutts 15

Liqc Phase Applicato's 16
Mercury Removal From Water 6

Adsorption Capacty 17
Effect of Acty 17
Oak Ridge National Laboratory Studies 1.
Mercury Cc, Chlorine Caustic Plant Waste 18
Mercury Removal from Hydrocarbon L qus 

Case H stores 20
Water from Ar Scrbbers 20
Mercury C61 Hydrogen 2
LNG Production Ptant - Hg!Natwra Gas 2D
Mine Atmosphere 20
Mercury Waste Recycler - HgHot Retort Off-Gas 21
Mercury Waste Recycler - HgMWater 21
Fluorescent Lanp Recycling System OEM -Hg/Air 21
Fluorescent Lanp PLant - Hg/Air 2
Mercury-Cell CNIcr-Alkali Plant - Hg/Brne Hg%'ater 22

Operating Guidelines 23

Techncal Supporl 24
Refererces 25
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NUCON Int
7MS0 Hurnie VRoad - Coam
Ph1: 914-84&471D - Fx: 814-4

BACKGROUND

ernational, Inc
OHM42

1-.&M - Www.M -i.DWOm

MERRORB&
Moroury AdrorberAr.

Bulletin 11B28
Auugut 2004

Mercury is a historically irrporta-I and iseft rc-.st-a mnateral Mercury and mercury
compounds have been usec "or thousarcs of years as pignents in -ks ."G-ana -eC
s.fIde), as acs to early mtalL-gy igilding oDoce- and nstrune'ator (therrrocmete-s,
barormeters:

Mercury is tne only metallic element that is liquid at ro'n temperature. - s present
nrc ghout the eart-.

Mercury is toxic arc -.- nan ingestor arc exposure r.st be prevemted. When present !
industrial process fluids, rnc-ury cakses cor-osion and should be nerrvec to rolong the lie
of r-e equipment.

Mercury has ca vapor pressure and low so ,, ty There're, any mercury -enoval process
m.,st be effedtve at very ow cicentrations Adso-tiion is sich a pocess. Unirnpregnatec
activated carbon s a far a:sorbent -or mercury B.1 its catachty is sign ficarty ncreased by
inpegnation wit& a materal that chemicaiy reacts wth, arc holds, Le rnertcy. The choice
of mpregrarn is dictatec by the process conditions arc the corrcosit o c:the fi c. Szrg c'
adsorption equipmel s ceterrrined by the flow rate of the fluid stream and the des rec
operational lie of the adsorbent.

Th-s bulletin describes NUC-ON products and processes for control of
ccimpounds.

merciry and ts

Page 85B- 95
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NUCON International, Inc MERSGRBV
Metoury Adsorl),mb;

MaI( Hwhttey Road - Comtur, OH 4M Bubtin 112$
Ph: 14-84A4710 - Fx: E14-411-DSE - wsmcamlr-inoom ALugmt 2004

INTRODUCTION
Mercury s used in mazny industrial processes anc products induding:

.j As the cathode ,t7e generation of chlorine by electrolysis of ch cride salts
i Manufacture of batte'es,

SCatalysts,
.j Specialty chemicals,
- Funpcides.
. Electronics manufact.efs use rnercury for swtawes arc measurig insrurernts
- Mercury is present in oresoer lanps, high "tenslylarrps and LCD corr.paer screens

Mercury s hazarce>s. The Thresrdc Limit Values-Time Weghted Average 1TLV-WeA},
established byAJGCH, is 0 D5mg rnerury per cubicmeter air.' The tpical concentraton of
rrercury found n urban air s 0.000007 mg rmercury per cubic meter. ' remote and rura
areas 1 s approximately 10% of that level: These leve4s are considered harriess because
they are 10 million times less than the TLV. However in some industrial ervironrrents
cowcentations as hgi as 5 mg per cmt c rneterof air have been measured. This leve. is 10"0
t res t'e TLV

Mary zevroleurr roducts contairn mercury. A numr'er of tests have been mace to determ e
t-e conco"ryiatcn of mefcury in natural gas svze -s in various parts of the U S. Locations "
Sout- Texas have shown concenations -argng frorr 0.002 rrgn.' to over 4.5 rrnm''
Mercury is also present - condensates from other parts c' t"e world such as Indones a arc
North Africa
The exraust gases frtom waste inc. "eraiors and coa burning pc wer pla-ts contan mercury. It
is estimated that half o' the global emissions of r'erc..y come from zossi :ue cornbustion.
Althougc*4 total quantly emittec by waste incinerators is less the concentations are rrua
higher.

Merciiy-cortaining waste has cortaminated soil ana water. Materials contaning mercury are
sometnes stored in lancfills Oat are not competely isolated from the surrounding
environment-
Mercury can aralgamate with metals used in process equipmnrt causirg corroson arn
fatire. Therefore, natural gas processing and quefaction plants use mercL y adsorbents to
protect their 'coic box' heat exchangers 11 is a poison for some catalysts usea !
hydrocarbor processmg. Catalysis are protectec in some ethylene plants syritesis gas arc
steam reforming units anc for hyr'ogen and arnmonia production

B-96 
Page 86
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NUCON International, Inc
700O HuMtiwy Road - Co01Ubuu, OH 4=0
Pt: 14446-6710 - Fx: 814-431-0868 - wwwuwi-IrPLfoom

PHYSICAL PROPERTIES
General physica properties are shovwn in Table 1

Table 1. Physical Properties of Mercury

Sdubility - water
Saturaion conce-trator , 20C .
Melting no ,1
Boiling po.-
Density
Molecular We git

0.064 mg r lite#'
14 mg per cubic m'eter air
-38.9* C
356.;* C
13.5 g per il
2D0.59

The solubility of mercay in -ydrocarbvn quids at roorr temperature is srow in Tabe 2."

Table 2. Solubility of Mercury in Organic Liquids, mg/liter

Heptane
Benzene
iso Octane
Isoprmpyl Ether

1.3

0.8
1.0

Typically, the solubi Ty of nvercur iy in !ydrocarbcns is len tirres greatef than in water Since
some gecogc formations cortain bah liquid mercy arc hycrocarons, the natural gas ard
hydrocarr liquids recmverec caw have very hig rrecury content

4

Page 87
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NUCON International, Inc
7DON Hmvley Road - Coitwrur, OH 4=0
Ph: 14-84t-i710 - Fx: 814-431-0361 - w AwJXXu1ri-room

CONTROL METHODS

MERSORBV
Maroury Adrbn

BLAwtlnri B23
August 2004

Most mercury contml tecii" ques use adsor e.ts (plain or npreg'ated! - some t'en The
high sur-ace area of tre adsortents atracts the mercury and fac itales physica adsorption or
cmemical reaction. The mcst commonr ase niutera s actvatec carbor. rnpregnants are
cuosen 1or suitability -! a particular environment.

N UCON Intemational, '-c. !NUCON: has devw.ped the MERSORB 'amily of adsorbents 'or
almost every type c' mercury removal application.

For processng natura gas, hydrocarbor liquids, anc smal airstreams, 'xed Deds of ve.etec
M ERSORO adsorbents are used. Even trough the adsorcents are optimized for maxmum
mass trans'er rates the relatively slow -eaction rate &the mercury vaporwth the mnpregrant
requires a reatvely long residence t ne. The amunt of adso-tbe." required to achieve "g0,
removal efficiency will genefaky give a very iong servce le

When mercury is present at very low concentrations in relativwey large gas streams 'such as
effluent gases 9rmrn coa ired power piarts or waste incinerators), powdered adsorbents ca'
be used. The powdered adsorbents car te r'ectec nto te gas stream and after ar
appropriate res cence time, ftered cmu in a c,.st collecor. Tests have shown various degrees
of effectiveess

GAS PHASE APPLICATIONS
Various difE-sion processes contrd the rate f merc%uy renova by mpregnated cato-s.
Bulk diffusion to the surface of the particle core difsion, and reactant and reaction-product
diffusor ? the cepositec impreganti layer all afect perfcrnmrce. NUCON base adscrte--ts
have been selectec 'or ther optrnized ccre structure.

MERSORB" adsorbents
Are we4 suited for protectng catalyst tecs arc alumnum heat exchangers

* Rernove mercury from process-gas streams
* Have high capacity arc removai eice-ncy, arc low-pressure drop

MERSORB" is a egistered trademark of NUCON Intemational, Inc.
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NUCON International, Inc
7DOO kxtley Road - OCctNbu. OH 432
Ph: t44484-710 - Fx: 914-431--8*8 - wmw-Riun-Inrkoom

Long-Term Laboratory Tests

MER30-RBE
Marcury Adiorbentb

BuLeti n 11B23
AugumtN2a4

Memury rerroval effciency and asorpt o capacity testing using ra oactve mercy, have
been pef'orrmed in tre NUCC)N radicisolope aboraltory .sing ' Hg.

The test paramreters were:

Gas
Tenperat. re
Bed Dianmeter
Bed Dept&:
Part de Size:

et Concentration
Pressure:
Linear Velocity:

Air
:3J C
2, mm
1-50 m
3 nm pellets
32 g Hg-n'rr 3 air
1 0 ATM
3 ft."nin.

Tests were conducled using s x bed segments eacv De -g 25 mm deep and 25 mm
diameter.
The -ac oact ve Isotope corent of the sarnples o' gas cetween the segrnents was analyzec
at periodic 7tervals. The results of te tests:orrnercury 'emoal -tm airare scow' in Figure
1 .

105
1 U11

10

SU

a AdJ U

U 60 120 i's. 240 3' 0 30D 4 2

Tim e, day&

Figure 1 - Mercury Removal Efficiency from Air
at Various Residence Times

Page 89
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NUCON International, Inc
7000 HmTIby ROud - CohiteAXs, OH 422
Pit: 14-846-4710 - Fx: 814-431-.B68 - wrwsmcicu-Jntoom

01no s

MERE &RBF;
Muroury Adsortbbni

B tailin 11B23
Aaugt 2004

Similar tests for me'cury removai efTciency ad cacLcty from natura gas 'ave aiso tee-
perfoned. The test Prarmete's were the same as in tre a r lests. Results are show- -
Fgure 2.

106

100

96

90

86

a0

76
D 60 120 180 240 SDD S6D

Tim a, days

Figure 2 - Mercury Removal Efficiency from
at various Residence Times

Natural Gas

For both air and ratural gas, W#er tie gas stream is saturatec wth mierc.y, a 1D-seixco
resdence tne is reconnended to ac&eve cornplete removal of the mercury. At these h gh
corcentratiors MERSORB acsorbent renmovec 100% a, the mercry for over ore year In
most commerca applications the ner concentration s cny a fraction & the saturatc
level and the 'fe of the MERSORB adsorbent is typcally severa years.

An aternate approach can be usec r' renovai effciencies of less than 100% are acceptable.
A smaller bed will give adequate performance for a sligty shorter period of lime. For
example, a5 second resdence tne provided 240 cays !1e at efficencies above 95% in the
natural gas tests (Fgure 2). Simiarty, at low mercry corcentrations 100% rerroval can be
achevec at less than 10 seconds residence tne.
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Adsorption Capacity

MER SOR BW
Moroury Adsorbenft

Sulletin 11B29
Auguct 2D04

The theorelica equilibrium acsorption cacacity of MERSORB pellets s 85 g Hg'1OD g
MERSORB" adsorbent. However, 1 is irr-e-adcal to reach that level crn'rrerca
applications Ar extremy long time wmx, c e required to obta c ui~sion of the merry into
t 'e adsortent a-c fcr te ce-nical conwsion to lake place. In the 7eg or of the mnass
tarsfer zone toe amount adsorbed s always ess tha- the 'axirrn Dy'a-nic acsorptco
capacity data 'or t'e extended cynanic adso"tion tests are sO-own i Taie 3.

Table 3- Dynamic Adsorption Capacity of MERSORB: 3 mm Pellets

Air

Test Duration. days

Bed Segment No.

1

3
4
5
6

407

Natural Gas

365

Amount Adsorbed,
g Hgd100 g MERSORBS"

23
19
1 ;

14
0.3

31
28
19
14
12
0.3

While Bec Segnent No. 6 adsocrec a s-nall amount of rmercury
breakthroug fion the tec at tie end of the test.

there was no detectase

U
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Particle Size Effects

MERBOREM
Muroury Adaodr.1

Aulletin 11B2
Au@pust 2004

The partcle size c, the MERSORB acsorbent affects several ocerating pararmeters. Data
ccceming the two most important critera performance arc --esse c'-op, has oee
developed

Performance

The dynamc ne-ormance G' small particde size adscrbents s always better t'ar for that of
larger sizes. F ge 3 srows te aiferece in pedorrnawce betveen MERSORB 15 rrrn an
3 r-m De ets. These tests were conducted using air saturated with mercy at 30CC. The test
bed c 'nensions were 25 -nrr diarreter by 25 mm long.

100

,I

85

80

75

70
7 14 21

Time, days

Figure 3 - Effect of Particle Size on Mercury Removal from Air

The difference is very noticeabe at short residence tnies. The -'hial effciency for 1.5 mm
pellets at 1 67 seconds res cerce tine is I'%, while for 3 rnm it is around 93%
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Pressure Drop

MERSOR&B
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Tre pressure drop through a packed bc: increases as partcle size cecreases. Press .e droo
c.zves for MERE' RB- .E- ets at atmospheric pressure are showr in Figre 4

Figure 4 - Pressure Drop of Air Through Packed Beds

10.00

1.00

E, 0.10

- 0.01

C 0.00
0

1.5MM

3 MM

1 10

Superficial Velocity, feet/minute

Natural gas process Ng is rormally dore at high rvessure Fow 'esistarce for a typica
operating press.e is show' in Figure 5

Page 93
B-103

100



V10 washingtonriver RPP-ENV-48229, Rev 0, Appendix B
protectionso/utions RPP-ENV-46679 Rev. 1

NUCON International, Inc
7DOO HIuntley Road - CcklAtui, OH 4=
Pt: $14-1494710 - Fx: 814-4W-0168 - wwwiupxx-Jntoomn

S,

Velocity Effects
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Bulletin 11B28
Auqust 2004
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Figure 5 - Pressure Drop Through MERSORBe Pelleted Adsorbent
NUCON ran laboratory tests on 4 m MERSORB'pellets using to different gas velocies
vith te c depth of 12 rches. The comparative results alter 3 cays of testing are show"
in Table 4

Table 4. Effect of Velocity on Dynamic Adsorption

Removal Efficiency

Residence Tmne, see

1 57
3 33
5 00

3 fti'rin

42.8
80.3
90.7

G ftimin

58,4
88 7

10 0

Removal efficency is genea y pefeived as a function a" the residence t me. However, at
higher superficial gas velocty, the removal efFiciency at a given resbence time inproves c..e
to favorable diffusion efFects.

_____ _____ _____ I _____ _____
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Temperature Effects
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Bulletin 11B2:
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Operation & 'merc...r ermval systems at high terreratures is somerin-'es necessary There
are two 'njor effects ... ion perormance at elevated temr*eratures The s.fur irrpregnant
cnr:

In
41

Vaxcrze n inert atmospheres, or
Oxidize in air atrnxspheres

N UCON uses a unique marndacturing method to rrke the MERSOR2" siur-irrpregnatec
adscrbents The result is a product that reta -s the irnpregnant better at higr operat rg
temperatures tLar t* adsorbents rrw -act.-ed by ohers The-nrqavmerc anayss c'the
NUCON and cornoetitve product -as substantiated tr s fact

The results of thermogravrnetrc arayss of samples of 3 nrn MERSORB" mercury
adsovbent and a competiive 4x10 mesh size granular adsomert are sicon in Fguie 6. For
the czenpettve (granulari rmduct amnost "af of the irnmregrat was lost at temperatures
around &*e boiling point of water. On the other hand, the MERSORB" spxvs ro weight oss
untl te temperature exceeds 200* C.

The diferences are even more -oticeable for tests conducted in a (:ee Figure 7: The
weight loss at tempratures above 275'C for the crnpetiive product indicates that both t&e
sfur impregnant and some of the ca'rbn is being oxidized For the NUCON MERSORB"
material, only a snall portkyi c the sIfur s tost at trat terrperature.

A specd grade MERSODRB'HT s available for high temperature applications (greater traa"
100 C). Through a unique manufacturing crocess, t-e s Aur s conveled to a bcrm that is

very star-e. The weghit oss of MERzC)RB* HT w-er subjected to a temperature of 200 *C is
typically 2*:0.
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Weight Loss
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Figure 6 - Weight Loss of Mercury Adsorbents in Inert Atmosphere
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Figure 7- Weight Loss of Mercury Adsorbents in Air
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All therrrogra~vmetric tests were per'ormed on carvy" tLa "ac been c'ied to rerncve
mo st..'-e

Ot"er tests were coractec itr a stean of metre- fawing t-o.gO a bed of
MERSORB" 1.4 pellets at 150*C Afier.24 hours. the impregrar ioss was only 0.5%

The MERSORB's,..-ur mpregrated acsorbents are qua ly control testec at 20a* to
ins..e stability of tLe irrzeegiant.

T-e typical loss c ir'reg3ant content 'or MERSORB" HT s 2 %.

LABORATORY TEST RESULTS

'e resJts of laboratory tests pri-orred on several sin'ulatec gas strearns have been
usec as a basis for the cesign of 'nercury rermoval processes They nclude o'fgas fror
r- xed waste inc!neration, a plasma e""arced netter veijlat on of a jot cell, and a
c--enical munitors "cineradion crocess. Tabie 5 show te res.Ats of tnese tests

Table 5- Laboratory Experiments, Gas Phase Mercury Removal

AppoIcation Mixed Waste Mixed Waste Hot Call Ve-nt NaeSma-
Incinefation' IncInEration" SNS Fac ilItles nhance(d

ncineratlon"

Gas Inert Off Gas nert Of Gas A' Synaas
I mpurities 1402, HCL Nitmoge-

Mercury Conc., m'~cu m 10 16 0.____5 0.E5

Temperature *C 150 107 38 30
Residence Tine, sec 0.99 063 0.7 20

Test Duration, hr 1000 100 60 9

Mercury Removal ET,_% 2. P 9 997 0@ 6 29 P
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LIQUID PHASE APPLICATIONS
NUCON also ;roduces mercury renova acsorbents V liquc phase applications. The
M ERSORBO L desgriation is used for products des gled to remove mercury from tLe Iky c
phase. There are two products used for IkN c phase applicat&:

4 MERSORB LW for liquc phase, aqueous solutions
4MERSDRB LH for quid phase "ydrocarbons

The mpregnant usec to make LW grace is risoluble in water. The impreg'ant usec to make
LH grade is inso .te in co'rrcu hycocarbons

The standard LW and the LH grades are supplied as 1 5 and 0.9 mm diameter pellets
Cu-stom partcle sizes are available.

Mercury Removal from Water

The MERSORB' LW grades cnemicAly react wth elererital mercury or water-so&r'e
mercury salts wthin the Wcre strctre of the adsovrt. Even though the solubility of
eerreental mercry in water s km (0.064 mgiter efivirrmental authorites often spec$f
even lower le'es. Soluble mercury sats cw be present at much higher concentratons f!
various coramnated streams

T-e mercry adscpion capacity of MERSORB* LW is concentration dependent. Typica
desgi contact t-res are in the rarge of 2D-A0 m - es at ambient temperature The
MERSORB LW grades can be used at temperature 4s to 90' C

If iarge amounts of dissoved organic material are also -,esent in the aqueous streams, an
unimpregnatbe carbon (NUSORB' GC60-1 5) shouC re usec as a guar- bed to increase tre
life and effciency of the MERSORB LW for mercury removal.

Adsorption Capacity

Fgure 5 shows an isotherm for adsortion of & c rrercury from water. Water ('pH 7)
cntaining 50 ppm mercuy (as Hg from HgCIi was contactea wit various anounts of
M ERSORB L W-3 groun to -325 mesh After 24 nors the carbon was filtered out and te
resdual merwc-y concentrator, in the filtrate was determnec by Atomic Absorpto-
Specrnscopy.
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Figure 8 - Adsorption of Mercury from Water by MERSORBO LW

Effect of Acidity

The pH of the water infuences the adsorpti" capacty 'or nercury. MERSORB' LW was
ground 1o -325 rnesh and 0.1 g was mixec with 1 DO mii of reagent grace water cortaining 97.4
mg mer..'ytter water. The pH was adjusted with NaOH scution. The residual -Tercury
corcentmation was Tneasied after 24 hus Those -esults are show" in Table 0

Table 6- Effect of pH on Mercury Removal

pH

Amount removed, %

3.2

44

10

9960

Less thar half of the rercu-y was 'enoved at pH 3.2 wO e cver 99% was rermvec at pH 10.

The effect of other ions n the water on mercury acsorpt co can be s"bstantial. Contact your
MERSORB' applications engieer for advice in these cases
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Oak Ridge National Laboratory Studies
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Mxec wastes conta- %g mercury must be te.aed at a numberof nucdear fac -ties As a part
of a program to obtain prelimr ay technica data a leanm at CDak Rcge Natora4 Laboratory
performed lab studies using a sct-ion a' mercury in water syntresized to duplicate some of
te actual wastes.' They found that MERSORB LW was e&ectve - this application. By
varyrg solution conl lions they 1O:und that mercury uptake was slightyscwer at ow pH afc
that corpetng cations recced die total amount of mercwy rernoved. Whie the theoretica
capacity is 0.71 gig of MERSORB LW, at the low concentrations used for tj'e tests, &.e
capacity was 0.12 g/g at eutral pH The rate of mercury adsorption was found to follow ~rst-
order kinetic behavor

In anotherst.cy, MERSORBE LW was evaluatec for its mercy removal from water strearns
which contain c ssoved 'nercury sas"u In these e:er.!ents, th weight Distributor
Ccercient 'D), that is the adsorbed arrou-t per kilogram of dry adsorbet divided by the
amo.-t w.& liter of solutor, was cetermined at two rnercuy concentratces from a 0.05 M
5oc n n trate and a D.05 M sodium cricnde solution. The mercury in the inft-ent was
present as HgW

Table 7- Distribution Coefficient of Hg on MERSORB' LW

Hg" Salt Concentration

F-om 0 D5 M NaND3
From 0 05 M NaCl

Trace 0.001 mol Hg/kg

76,2mv (1.g)
175,000 (bkg)

Mercury Cell Chlorine Caustic Plant Waste

Wastewater discharges from t*e HoraChem co r-akali plant in Maine exceeded the
newly established mercuy concentration mits mposec by the EPA An extensive
process system was installe w ch includec optnization of the sulfide pre-treatment
step, adjustment of pH and the aci ion of 0.5 micron partide ftters, followed by a
polishing bec of MERSORB" LWV mercury adsorbent. The result was a reduction in the
effluent concentration to below 50 ppTw Process co-c -ions for the MERSORB acsorber
were

F ow:
Residence time
Wdet Mercury Corcentratior
Mercury Removal Efficiency

100 gpm
45 minutes

.5 ppb
96. 14 %

B-lb 
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Tests -a'e been oerforrrec in the NUCCN arcatory ..sing MERSORBt LH to 'emove
elerne-tal mercury k-omn "evtane. Ecq. De..n acsorptcn result5ae sceovn in Figure D.

6

I

10

7

5

3

4M

E

1

0.0001

inttial Concentration, 1.4 mg H lKg Haptane

MERSORB LH

0.001 0.01 0.1 1

Mercury Concentration, mg Hg/kg Heptane

Figure 9 - Mercury Adsorption from Heptane. MER SORB LH
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Water from Air Scrubbers

For soene srna rec cal waste -cinerators, the exhaust gas is passed througV? a water
scrubber to rermove particulates and water-soluble corrPou-cs. Ary mercury present in t&e
waste is contanec in the scrubber water Dur'g a 'our-mont' denr'ostration project
scrubber water cortaining an average of 3O ppbw Hg was passed thro- .g" a cdumn of
MERSORB" L'WV to remove the nerculy. An average efF-e-t 'evel of less than 2 ppbw Hg
was mairtained over this percc.

Mercury Cell Hydrogen

High purity nydrogen chloride :HClI is manufactured by reacting hydrcger and c&acrine A
facility using hyor-ge- from chlorine/causti n nerc-y cells must remove t&e rn- cury :! the
hydrogen to meet specrfcatr's for the HCI Mercury corcentrations up to 300 ppb were
reduced to less than 0.0' ppb in a sngfe column o MERSORB'3 mrnn ameter pellets This
syster has been in operation or over eight years wlh I0Y% mercvy ernoval eficiency.

LNG Production Plant-Hg in Natural Gas

A wester- UZA natral gas rVocessing plant produces LNG in ortef to reject troge-,
from the gas. This plant has its mercury removal sector upstream of tre C02 remova
sectcr. The plant was using a competitve nercury adsorbeont arc su'ferec mercury
corrosion do nstrearn due to poor mercury renovai effic ercy. SuI'ur conlamnation ri the
NGL was also observed, cue to loss of sutfur from the mercury adsorbent caused by
water-yecd carryover. The plant nstared MERSOR6" nerc.y aasorbent and sffur
ccrtam nation of their NGL was elim rated arc the corcentration rerrcury.'cubic meter r
the treated gas is cnsistentiy <: 2 nanograms.

Mine Atmosphere

A gold mfn g oart in Nevada encontered concent-ations well above the TLV in the
enclosed crocessing area. Ar air purifcation system cortaining MERSORB" 3 rnm pe.ets
was installed The rnercury fevel has been recuced to teow the TLV.
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Mercury Waste Recycler-Hg in Hot Retort Off-Gas

A -ecycier plant uses a retort to process its mnercury-vearing wastes Using a compettive
mercury acsorbent to f ter the 250*F of-gas they experienced receated tec f es. After
lab testing all available mercury adsorbents t'ey switched to MERSCRB 'nerc...y
adsorbent. There have be" no furt'er prmblens wth bed f-es and meru.y emiss Or
requirements are met

Mercury Waste Recycler-Hg in Water

Treating retort condensate water for mer_..'y removal ..sing a cmnetitor s product did not
ac-* eye the des -ed perfornance After insta -g MERS ORB* LW rrury acscrberrt, the
use- reduced mercuy Ieves - t-e treated water from as high as 1 ,XC ppbw Hg to ess
t&ar 1 ppbw Hg.

Fluorescent Lamp Recycling System OEM-Hg in Air

An DEM trec several compettive rnerury aasorbent products arc deccec to use
M ERSORB' mercury aasorbent Ow, 20 systems insta ec all meet merc.ry emissiors
regulations. Even with a t -ee-shift anp recyci-g operation the refcury adscrbent lasts
several years.

Fluorescent Lamp Plant-Hg in Air

The plant needed to control the mercury em ss cvs from their fluorescent lar-o c...'ing
ovens. An air collection system was nstalled inc:.c "g an adscrer ocataining
MERSORB' LH merc..y adsorbent Mercury conce-tratcors around the unit were -educed
from > 100 micrgrams Hglcubic meter to non-detecta. e levels c'< 1 micrograrr
Hg'cubic meter even though the treatec air temperatze was over 160 "F.

Mercury-Cell Chlor-Alkali Plant-Hg in Brine, Hg in Water

The plant needed to drastica y reduce tle rercury emissions in ts spent brine A I X
gpm seconday treatment system using MERSORB" LW rnercary adsc'te't was insta iec.
The process reduced nernry leves - t'e brine 'rom , %50 ppbw Hg to < D.0O ppbw Hg
(<50 opTrillion Hg by weighti.
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The Following are general guidance for typ calapplicatcns. Contact s to discuss MERSORBO
applications tailored to your speci"c operating cond tions.

Do not use these procdcts for acc c soulions. Accs reacting wlth s fur compounds
can generate hyarogen su"Fide (H.S:', vWhicr s poisonous. Removal efficencyfor cnic
rnerc y decreases at a pH below 7. For elemental merauy, a pH as low as 4 car be
used

2. W"e- non-rn-ercury irr.rties must aso be removed it may be desirable to use
"guarc7 adsorbent becs in service upstream of the MERSORBO adsorbent bees to
remove tese impurities and -crease the Irfe of the mercLry acsorption bee.

3. Mercwy removed by the suxfur impVeg'ated MERSORB" is converted oy t&e
acsorbent to mercuric sulfce, a natura y occuring cornw"c. Spent adsorbent
should be hanoed accordrig to appropriate cisposal proceckres and according to
app cable safety and transportation regulatcs

4. For optirnum remrvi eficiency it is always preferable to operate a deep bed at - g;
velocly rather than shallow adsorbent bed at a low velocty

5. It is important to have efective liquid knockout upst'eam of gas phase mercury
acsorptce becs. Liquid hyc'-ocarbors caw csstve the s fur ir'r egnant. Any liquids
entenng or condens -g in tr e aSorbent bed interfere w th the iercury acsorption rate
arc capacity. It is also corrmoarv for natural gas streams to be sateated with water.
S -ce hi relatve huridity interferes with rnrmcury adsorption I is Mportant to raise
the temperature of the gas enough to reduce tre retive hun- c ty less than 90%. This
will also mi mize t'e zossibility of getting li. d water on the adsortent beds. It s also
helpful to heat trace the piping between te heater and the adsorberto prevent cool ig
arc condensat on.

6. The MERSORB" mercury adscrverts h'ave beer shown to be effective at reiatively
hit operating temperatures. Please contact your MERSORB aro cations engrneer
for specfic product recomrnecaions for your particw.ar situatrn
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EXECUTIVE SUMMARY
This report is an evaluation of Best Available Control Technology for Toxics (tBACT) for
installation and operation of the Hanford double shell tank (DST) primary ventilation systems.
The DST primary ventilation systems are being modified to support Hanford's waste retrieval,
mixing, and delivery of single shell tank (SST) and DST waste through the DST storage system
to the Waste Treatment and Immobilization Plant (WTP). The retrieval, pumping, and mixing of
waste are expected to increase emissions of toxic air pollutants (TAPs) as defined in Washington
Administrative Code (WAC) 173-460-150, Controts for New Sources of Toxic Air Pollutants.
WAC 173-460-150 provides acceptable source impact levels (ASILs), small quantity emission
rates (SQERs), and de minimis values for each TAP. WAC 173-460-060(2), Emission Standards

for New and Modified Emission Units, requires that tBACT be employed for all TAPs for which
the increase in emissions exceed the de minimis values.

The process used in this tBACT evaluation was similar to that prior process used, documented,
and approved by Ecology in the following tBACT evaluations.

* Letter July 31. 2007, J.A. Hedges to S Olinger, Approval of Criteria and Toxic Emissions
Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval,
Approval Order DE05NWP-002 Rev. 2.

* Letter October 12. 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic
Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval
Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C
Tank Farm, Approval Order DE05NWP-002, Rev. 1.

* Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air
emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and
AW Tank Farms, Approval Order DE05NWP-00 1.

The development of this tBACT followed guidance provided from Washington State Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) for the process to
determine best available control technologies (BACT). This tBACT follows the five-step BACT
process, the steps are the following.

* Step I - Identify all available control technologies for each pollutant subject to review.
* Step 2 - Eliminate all technically infeasible control technologies.
" Step 3 - Rank the remaining control technologies by control effectiveness.
* Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
" Step 5 - Select as tBACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.

This tBACT evaluation addresses 41 TAPs that exceed the de minimis values. TAPs with similar
chemical and physical properties were placed into groups with the assumption that similar
control technologies would be effective in abatement. The four separate groups that exceeded de
minimis values were as follows:

" Ammonia
" Toxic organic compounds
" Mercury and mercury related compounds
* Particulate metal compounds.

Page ES-1
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After a detailed evaluation of the four TAPs and/or groups and the effectiveness and costs of
emission control technologies for each, a $/ton cost was determined to implement a control
technology as identified in Table ES-l. Most of the identified technologies were eliminated,
because their $/ton costs exceeded the cost ceiling guidelines previously approved by Ecology
and EPA as economically unjustifiable. Although the evaluated technology would remove 98-
99% of the pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the
low emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
High Efficiency Particulate Air (HEPA) filtration system in the treatment train.

This tBACT evaluation is one part of the Notice of Construction (NOC) application that will be
submitted to Ecology. It provides information on TAP emissions, control technologies proposed,
why they were proposed, or why a technology was not feasible for mitigation of toxic emissions
during DST waste operations.

Ammonia

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Scrubber

Toxic Organic Compounds

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Mercury and Mercury Related
Compounds

Activated Treated Carbon
Adsorption

Particulate Metal Compounds

$2,925,000 13

$5,148,000 13

$7,583,000 13

$2,925,000

$797,000

$94,000

0.48

0.48

2.6E-04

$223,000 $105,000

$392,000 $105,000

$583,000 $105,000

$6,093,000 $105,000

$1,661,000 $105,000

$363,185,000 $105,000

Particulate metal compounds are removed by the required particulate filtration train
for removal of radionudides at a 99.95% removal rate.

Notes:
'Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons).
bSee Section 2, tBACT Methodology, for a detailed discussion.
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$ yr U.S. dollars per year
mg m3  milligrams per cubic meter

ptg/ m3  micrograms per cubic meter

g sec gram per second

Page ii



, protecion -' RPP-ENV-46679 Rev. 0

1.0 INTRODUCTION
The waste feed delivery mission requires all single shell tank (SST) wastes be transferred to the
double shell tank (DST) system for future delivery to the Waste Treatment and Immobilization
Plant (WTP). In preparation for this mission, new primary ventilation systems are being planned
and designed for each DST farm. The first such primary ventilation system will replace the
current primary ventilation system installed in the SY-241 Tank Farm.

Currently, DST farms are exhausted through a primary ventilation system that serves as a
containment system for radioactive particulates present in the tank headspace, vents flammable
gases and vapors that evolve from the liquid surface in the DSTs, and removes heat. The
ventilation system operates by drawing outside air into and through the tank headspace. After the
air leaves the headspace, the ventilation system conditions the outlet stream to remove entrained
moisture, reduce relative humidity, and filter particulates. During exhaust it is discharged to
atmosphere through the stack, the exhaust is monitored and sampled for radioactive particulates.

The new DST farm primary ventilation systems will replace the existing two parallel exhaust
trains with two new parallel exhaust trains, each capable of providing up to nominally 2,000
ft3/min (standard) and maximum 3,000 ft3/min (standard) exhaust flow. Primary ventilation
systems are operated during all storage, treatment, retrieval, and transfer operations of the waste
contained in the DSTs.

The new replacement primary ventilation systems are considered modifications to the DST
system and require a new air source review in accordance with WAC 173-460-040, Controls of
New Sources ofAir Toxic Pollutants and WAC 173-400-110, New Source Review (NSR). In
addition, a Notice of Construction (NOC) permit application is required if there are new
pollutants emissions or if increases exceed the de minimis values listed in WAC 173-460-150,
Controls for New Sources of Toxic Air Pollutant. In addition, an NOC application for all new or
modified toxic air pollutant sources must demonstrate that the new or modified emission units
employ tBACT for all toxic air pollutants (TAPs) where the increase in emissions exceed the de
minimis emission values found in WAC 173-460-150.

RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source
Term for 241-SY Farm and 241-AP Farm Primaty Ventilation Systems Upgrades (May 2010)
and SVF-1821, Rev 1, Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsx (May 2010) assessed unabated emissions to the DST farm
primary ventilation systems. Several pollutants exceeded the WAC 173-460-150 de minimis
values and one pollutant (dimethyl mercury) exceeded the Acceptable Source Impact Level
(ASIL).

This tBACT evaluation is one part of the NOC application. It provides information on toxic air
pollutant (TAP) emissions, control technologies proposed, why they were proposed, or why a
technology was not feasible for mitigation of toxic emissions during DST waste operations.

Page 1
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2.0 REGULATORY REQ IREIENTS AND \METHODOLOGY

WAC 173-460-020 defines "Best available control technology for toxics (tBACT)" as that term
is defined in WAC 173-400-030, as applied to toxic air pollutants. Toxic air pollutants are
defined as any toxic air pollutant listed in WAC 173-460-150.

WAC-I 73-400-030, defines "Best available control technology (BACT)" as:

"An emission limitation based on the maximum degree of reduction for each air pollutant
subject to regulation under chapter 70.94 RCW emitted from or which results from any
new or modified stationary source, which the permitting authority, on a case-by-case
basis, taking into account energy, environmental, and economic impacts and other costs,
determines is achievable for such source or modification through application of
production processes and available methods, systems, and techniques, including fuel
cleaning, clean fuels, or treatment or innovative fuel combustion techniques for control of
each such pollutant. In no event shall application of "best available control technology"
result in emissions of any pollutants which will exceed the emissions allowed by any
applicable standard under 40 CFR Part 60 and Part 61. Emissions from any source
utilizing clean fuels, or any other means, to comply with this paragraph shall not be
allowed to increase above levels that would have been required under the definition of
BACT in the Federal Clean Air Act as it existed prior to enactment of the Clean Air Act
Amendments of 1990."

This tBACT demonstration is a modification of EPA's BACT analysis procedure delineated in
the New Source Review Workshop Manual, Prevention of Significant Deterioration and
Nonattainment Area Permitting (EPA, 1990). It is commonly referred to as the EPA Puzzle
Book. There are five basic steps to EPA's "top-down" BACT process for evaluation of pollutant
emission control technologies. These steps include the following:

s Step 1 - Identify all available control technologies for each pollutant subject to review.
- Step 2 - Eliminate all technically infeasible control technologies.
" Step 3 - Rank the remaining control technologies by control effectiveness.
" Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
* Step 5 - Select as BACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.

Page 2
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Each step is described below:

Step 1: Identifies all commercially available toxic air emission control options. This step
involves a search for available technologies that can reduce the emission levels for the toxic
contaminants of concern. Technologies required under previously completed lowest achievable
emission rate (LAER) determinations are available for BACT purposes and are also included as
control alternatives. They usually represent the "top" alternative (the highest emission reduction).
The information sources used to identify control technologies include:

e Previous BACT and tBACT demonstrations.
* EPA's reasonably available control technology (RACT)/BACT/LAER Clearinghouses.
" Regulatory authorities.
* Federal, State and local new source review (NSR) permits.
* Control technology vendors.
" Literature search.
* Internet Searches.
" Similar commercial government applications.

Step 2: Eliminates all of the above identified technically infeasible options and develops a short
list of control technologies for further analysis. Screening criteria is applied to eliminate any
control technology that is not available (cannot be obtained commercially) or not applicable
(able to be reasonably installed and operated for control of tank farm process emissions). The
determination of feasibility is based on evaluating vendor specifications and commercial or
government application experience data for available control technologies previously identified.
If a control technology has been installed and operated successfully on emissions with similar
chemical and physical characteristics to those from processes that are being evaluated, it is
demonstrated and is technically feasible.

The screening criteria developed for application to the suite of control technologies are as
follows:

* The control technology has not been demonstrated at sufficient scale or removal efficiency for
the application.

" The control technology introduces additional hazards above and beyond the primary control
hazard.

" The control technology uses materials of construction that are unsuitable in a radiation field
anticipated during operations or impact the integrity of materials of construction (i.e.,
corrosion) and no suitable alternative materials can be substituted.

* The control technology would be very difficult to modify for applicable field operations and
maintenance activities anticipated during operations.

* Control technology would generate secondary waste streams.
" The control technology requires testability requirements where extraordinary measures would

be required to ensure operational performance.

Step 3: Ranks the remaining control technologies in order of effectiveness for each unabated
emission off gas stream under evaluation. The most effective control technology is ranked at the
top.

Step 4: Evaluates economic impacts for highly-ranked applicable technologies for each unabated
emission off gas stream analyzed. The purpose of the economic evaluations is to determine and
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compare "cost reasonableness" (S ton pollutant reduction) of the highlv ranked technologies. in
order. to determine whether impacts xw ere acceptable. The economic analyses include factors for
environmental impacts (e.g.. secondary waste treatment, disposal costs) and energy impacts (e.g.,
utility costs). These economic impacts are based on ax erage and incremental cost effectiveness
or reasonableness of these analysCs. expressed as cost per ton of pollutant removed. In addition.
impacts on worker health and safety, such as labor for equipment maintenance, can be included.

Step 5: The control technology with the highest control efficiency is evaluated first for tBACT.
If this technology is found to have acceptable energy. environmental. or economic impacts, then
it is proposed as tBACT and no further analysis is necessary. If the top technology is shown to be
inappropriate. based on energy. environmental. or economic impacts. the applicant must fully
document the justification for this conclusion. Then the next most effective control technology
on the list becomes the new candidate and is similarly evaluated. This process continues until the
technoloUV tinder consideration cannot be eliminated due to enerv. environmental, or economic
impacts,. hich would demonstrate the technology to be appropriate as tBACT.

General Approach to Economic Impact Evaluation
An economic determination is made whether there is any unacceptable environmental. energy. or
economic impacts for the highest ranked technology. If there are no unacceptable impacts, then
the highest ranked technology is proposed as tBACT for each unabated off (as stream. Economic
evaluations are performed consistently across all technologies, and are rough order of naunitude
cost estimates and employ the procedure found in the Otfice o/Air Qualin- Planning and
Standardk - ir Pollution Control Cost Manul, Sixth Edition (EPA. 2002). The results of the
economic analyses are included as cost tables.

The economic impacts of the control technology options are evaluated by calculating the cost
effectiveness. This calculation is performed by estimating the total annualized cost of control
(S yr) and dividing by the annual amount of emission reduction that would be achieved (tons yr).
The resulting cost effectiveness value (S ton) is compared to costs for similar applications and to
"tiidance provided by regulatory agencies.

Typically. cost effectiveness evaluations are compared to survey values compiled by Federal and
State regulatory agencies. In general. tBACT cost effectiveness for pollutants are considered
relative to "Plateau' and "Ceiling" values. Plateau lev\el values are those below which a control
technology is rarely thrown out as economically unjustifiable. The tBACT cost Ceiling value is a
value above which a control technology is rarely judged economically justifiable. No similar cost
guidance has been developed for tBACT. Howveer, previous tBACT eValtiations submitted from
Hanford and approved by Ecology have used an additional factor for deteimination of cost
ceiling values. These previous tBACT evaluations are as follows:

* Letter July 31, 2007. J.A. Hedges to S. Olinger, Approval of Criteria and Toxic Emissions
Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval.
Approval Order DE05N\\P-002 Rev. 2.

* Letter October 12, 2005, M.A. Wilson to R.J. Schepens. Approval of Criteria and Toxic
Emissions Notice of Construction (NO() Application for Operations of Vaste Retrieval
Systems in Sinale-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241 -C
Tank Farm, Approx al Order DE05NWP-002, Rev. 1.
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Letter February 18. 2005, M.A. Wilson to R.J. Schepens. Approval of Non-Radioactive Air

emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and

AW Tank Farms, Approval Order DE05NWP-001.

The maximum previous plateau tBACT value was S5,700 ton and the maximum ceiling value

was S 10.500 ton. The additional tBACT factors used in the previous tBACT evaluations were

based upon two options. These options took into account the toxicity and carcinogenicity of the

various TAPs to scale the tBACT cost factors to reflect the hazards of these pollutants based

upon either the classification of each TAP (Class A or B) or the ASIL associated with each TAP.

Option 1: The first option used in the previous tBACT evaluations refers to the Class A and

Class B TAP classification defined in the previous (prior to June 20. 2009) WAC t73-460
regulation. For Class A TAPs. the 'Plateau" and "Ceiling' values were multiplied by a factor of

10. For Class B TAPs, the "Plateau" and "Ceiling" values were multiplied by a factor of 5.

As of June 20. 2009, the revised WAC 173-460-150 no longer uses the Class A and Class B

designations for identification of TAPs to use this method. however. it was noted that the

previous Class A TAPs had, for the most part, annual averaging periods and Class B TAPs had

24-hour averaging periods. The current version of the regulations use annual, 24-hour. and

hourly averaging periods and no longer designate Class A and B. None of the TAPs with hourly

averaging periods were above the de minimis.

The "Plateau" and "Ceiline" values used for all current TAPs with annual averaging periods

were multiplied by a factor of 10. Table 2-1 takes the highest "Plateau" of S5.700 and the

"Ceiling" of S10.500 values from the previous tBACTs and multiplies these by the factors of 5

and 10 to demonstrate this tBACT adjustment described above.

C ost EeveeThrehold t$/on)
Method Cost Fackto r P latea U Ceiling
Toxic Air Pollutants (TAP) Classification
Annual Averaging TAP 10 S57,000 S105.000
24-hour Averaging TAP S S28,500 S52,500

Option 2: The second option used in the previous tBACT evaluations for assessing tBACT cost

effectiveness was based on individual pollutant ASILs and involves calculating a pollutant-

specific cost factor using the following:

Cost Factor = log1(27.000 + ASIL)

The cost effectiveness thresholds for tBACT "Plateau" and "Ceiling" values were then

detemined for each pollutant by multiplying the maximum pollutant "Plateau" and "Ceiling"

values by the pollutant-specific cost factor. Table 2-2 demonstrates these cost factors for all

pollutants determined to be above the de minimis for purposes of this tBACT evaluation.

Designated Methodology: All of the tBACT cost factors from Option 2 were under a factor of

10. except for dimethyl mercury. A multiplier of 10 was determined to be the upper limit for

adjustment of the previously used tBACT "Plateau" and "Ceiling" values. The upper and

bounding "Plateau" and "Ceiling" values used for this tBACT evaluation were then S57.000 ton

and S 105,000 ton respectively.
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ASIL, ASIL Based Cost Factor
Compound Name (pgwm (Cost Factor log1fi(27.000/ASIL)

Annonia 7 (.0
Particulate Metal Compounds

\rBCmc_& (n0rgMOAeMIn _\)S 01013 9

C Leniun & ( ompounds ___ 0 023-
t hommumnle C alt uS nb e.ecylun Erode ,.0L(

(Cobaht 111 5 4
\laneanese & (om pound> (1) 04
\Iercun C ompounds
\I crcuv L lcmentl (I

iniethv, Ntercur 00-99 13.4
Organic (~o nds
1, 1,2.2-Tetrachloroethane _ _0 1 -2 6.2

..- Ti k hlor ocihane I. (625a

1 '-Dibr-otha ne 0.0141 6.3
I .2-DwhluroeaLnc 0 05 5.4

I.2 Dn hltnpro ae _____ 4

3 )Iui I ens (()))50 0

1.4- Dchlorobenzene 0.0909 5.5
1.4-Dioxane 1 5.3
Aceta dehIde 4. L)
Acrh 1 e d 44 _44

\L1\ lomitrile 0.00)345 6.9
B e n z e n e ()T I _ _ _ _

BenzvI C hornde 0.0204 6.1
(arbon Tetradihlonde 6
L hloroform 0.0435 5.8

LU chloromih mc 4 4

E thy1benzene 0.4 4 .8
Lth %iene o Nide 0.11 h4 n4

T Iexachlorobutadicne 0.1455 5 8
IT exach 1r ethane ).19095

\ aphlhalene 11.1294 n O
n-N trosk d i eh lanu I it i01 504 8.4
n- Nirosodim thx lantne 0.000217 SA

i-Nr~od-nbu\ Iiniie0.0011323S _7

n-N itros odi-n-propylammne 0.00015

n-N itroso-n-inethvlethv lamine 1.00 1(59 2 2
- \ rosop iTotid e 0.00167 7'n

Pere hlorocthv lene 0.169 5.2
PFI) h1-1, 1inat ed B iphen) Is PC Bs) 0.00 175~
Tnh horoedrhs Iene 0. 4

I-,I Chlonde 101 21X t.
Source: RPP-RPT-44009 Re\ 1, Spreadsheet Description Document for on-Rd oomial Air Source Term fbr 241 -SY Fann
and 24 1 -Al Far Prinary \ ent a tion S y steins Cp urades ( May 2010) and S %F-1 S2 1. Rex I. Non-Rad Air SoOrcc Tcrin or 21-
S ' Farin ,d 241 - AP Fa 1n rnr \ n tiat o n S em C Puradcs .xkmn 1 2'a I 0



RPP-EN -46679 ReN. 0

1.tU Dot BI i t ,tit I I "NF. SW~ 1t Pu1~ 1 \ N w \ ,1it ktIt~ w"', ' t RWF0I 00 ~~ P

1 l \ I ) ' JdI i iP

System Description
Figure 3-1 shows overall configuration of the Hanford tank farms that are located in the 200
East and 200 West area of the Hanford Site. The DST farms are used for storage. treatment.
retrieval. and transfer of the tank waste. including future transfers to the \WTP.

Each DST ftrm currentlv exhausts em 5issions throtugth a primary ventilation system. These
primar\ ventilation systems serve as a containment system for radioacti\ e particUlates present in
the tank headspace, vent flammable gascs and vapors that evolve from the HIquid surface in the
DSTs, and remo ve heat. The system operates by drawing outside air into and through the tank
headspace. After the air leaves the headspace. the \ entilation system conditions the outlet stream
to remove entrained moisture. reduces relative humidity, and filters particulates. During exhaust
discharge to atmosphere through the stack. the exhaust is monitored and sampled for radioactive
parti culates.

Ventilation s\stem upgrades for each of the DST farms are needed for operational reliability and
to support future waste feed delivery for the WTP. The primary ventilation system upgrades
includes desi n. fabrication. installation. and construction acceptance testing. Each Tank Farm

Sill have tw o parallel systems to include exhausters. deentrainer, heater. pre-filter. HEPA filter
trains (two in series). fan, exhaust stack. ventilation system ducting. and stack and associated
stack monitoring equipment including record samplers. continuous air monitors and other
detectors.

200 West Area -200 EastArea
BYFarm

BX FarB Farm
T Parm C Farm

TY Farm 7AN FarmTXYFarm
TX Farm A/AZ Farm

AX Farm 242-A
v Evaporator

/C

U Parm LS FarA

Cross SeNAste
Treatment and

s ne AW Farr mmobliiz on Plant
222-S o2Me
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Currentl y, the pri mary ventilation system requirements are:

Remove heat from the primary tank by removing water vapors from the headspace.
Confine materials by maintaining vacuum conditions N\ithin the tank.
* Remove moisture from the exhaust air by condensation and de-entrainment.
Remove radioactive particulate materials from the gaseous effluent.

iRemov e flammable gases from the primary tank vapor space.

The major components of the current primary ventilation subsystem include: filtration,
fan blowxer. stack. and monitoring and control instruments as shown in Figure 3-2. The exhaust
fans maintain a negative pressure on the tanks, thereby eliminating fugitive emissions. maintain
an adequate airflow for cooling of the tanks, and remove any accumulated flammable gases. In
the event of a failure of the operating filtration train and or exhaust fan. the standby filter bank
and exhaust fan are actix ated.

An exhaust air cooler is optionally placed in the flow stream between the storage tanks and the
deentrainer (moisture separator). The function of the cooler is to reduce the temperature of the air
stream so as not to exceed the maximum operating temperature of the stack monitoring and
control system. Moisture is removed by the primary ventilation system \ ia the deentrainer.
Collected condensate is returned to a designated DST in the farm. The system reduces the
relative humidity by heating the exhaust air stream before it enters the prefilter and the H EPA
filters. The prefilter removes the large particulates and reduces the load on the HEPA filters.

Tank
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Two HEPA filters are used in series: these filters are test qualified by the manufacturer to

comply with ASME AG-1, Section FC. and remove 99.97% of particulate greater or smaller than

0.3 microns.

The exhauster train has a centrifugal fan, which induces the air flow through the DSTs to the

HEPA filters. It is located downstream of the HEPA filters and discharges into the stack. Each

train is self contained; each exhaust system has its own stack.

Source Term
The source term data used for this tBACT demonstration is documented in RPP-RPT-44009 and

SVF-l 821. The source term assesses potential release rates of hazardous chemicals to double-

shell tank farm ventilation exhausters during waste storage operations and operations supporting

waste feed delivery to the WTP. The source term is bounded by potential releases of hazardous

chemicals from 241 -AP Farm as discussed below. The following methodology was used to

determine the Hanford DST farm source term:

" Compare VAC-l 73-460-150. Table of ASIL. SQER and De 1inimis Values and Tank Waste

Information Network System (TWINS) listed substances by common name and by Chemical

Abstract Service registration number (CAS#). CAS#s were used to sort and match the listing

of CAS-s found in TWINS.
" TWINS data is for both SSTs and DSTs
" Extract common entries for evaluation as a TAP and calculate release rates for each by

multiplying measured headspace concentrations by the headspace ventilation flow rate.

" Equate potential release rate of each to the highest calculated release rate.

" Increase potential release rates for tanks with waste disturbing activity (waste transfer or waste

mixing operations) by a factor of ten to account for the increased headspace concentration.

Assume that up to two tanks in a farm have waste disturbing activities in progress and that the

waste in the remaining tanks experience quiescent conditions.

Select the DST Farm with the largest number of tanks (e.g. 241-AP Farm with eight tanks).

" Determine the source term multiplier for the selected tank farm [for 241-AP Farm: two tanks

with waste disturbing activity (2 x 10 = -0) plus six tanks with quiescent waste conditions (6 x

I = 6) for a total source term multiplier of 26].
" The bounding DST farm source term for each hazardous chemical is equal to the highest

calculated release rate multiplied by 26.

Approximately 90 chemical compounds were identified as TAPs. Of the 90 identified TAPs. 41

were identified to be above the de minimis values in accordance with WAC-173-460-150 (Table

of ASIL, SOER. and [)e Afinimis Values). These 41 TAPs are listed in Table 3-1. Based on these

41 compounds, four tBACT analyses (reflecting similar physical and chemical propel-ties) are

required to assess emission control technologies for all TAPs above de minimis thresholds:

* Toxic organic compounds (Section 4.0)
* Ammonia (Section 5.0)
* Mercury compounds (Section 6.0)
* Particulate metal compounds (Section 7.0).

Page 9
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Chemical Asragg Release Rate De Xlinimis Release
Compound Name Abstract 9 Period Ibag. period) Rate (lb/avg. period)
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This section co\ ers the detailed tBACT e aluation for toxic organic compound emissions for the

DST farm system. Toxic organic compound emissions ha\ e been evaluated and defined by RPP-
RPT-44009 and SVF-1 821. Thirty-two (2) different. toxic. organic compounds have been
estimated to be above their de minimis le\els (see Section 3.0, Table 3-1 as defined in RPP-RPT-
44009 and SVF- 1821). All toxic organic cornmpounds will be treated as a group of TAPs because

they have similar physical and chemical properties and similar control technologies. The total

annual toxic organic compounds emitted from the operations of a primary \ entilation sy stem of a
DST farm are estimated to be 0.48 tons year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Toxic Organic Compounds
The followx ing emission control technologies have been identified for the destruction and or

removal of toxic organic compound emissions.

* Acti\ ated carbon adsorption.
* Wet scrubber absorption.
* Thermal catalytic oxidation.
* Thermal non-catalytic oxidation

Step 2: Elimination of Technically Infeasible Options/Development of Short List
for Toxic Organic Compounds
Qualitative screening and elimination criteria were developed for the selective elimination of

control technologies evaluated to be technicaliy infeasible or not applicable for treatment of toxic

organic compound emissions from the primary ventilation system in DST farm processes. The
screening criteria were applied for the suite of control technologies for toxic organic compounds
listed above and are shown in Table 4-1. The only identified emission control technology that
was determined to be technically infeasible and eliminated for this application is thermal

catalytic oxidation.

Control Description Screening Results
I Activated Carbon Adsorption Applicable
2 Wet Scrubber Absorption Applicable
3 Thermal Cataly tic Oxidizer Eliminated
4 Thennal Non-Catalytic Oxidation Applicable

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile or

toxic organic compound emissions from a variety of sources. Generally high flow, low
concentration applications are best suited to produce high removal efficiencies for this
technology. Particulates or halogenated volatile organic compounds and heavy metals can clog
the packed bed or poison or deactiN ate the catalyst reducing the design life of the unit. Specific
poisons include halogenated compounds. mercury. arsenic. sulfur, sodium. and calcium. \any
of these compounds are found in the tank wxaste in high concentrations.
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Step 3: Rank R mining Control Technologes by Control Effectiveness
Effectiveness is defined by the ability of the
control technology to reduce the post treatment
emission rate for a given TAP or group of
TAPs. The short list of tBACT technologies for
toxic organic compounds in order of remoxal
efficiency is provided in Table 4-2. The
technologies with a removal efficiency of 99%
or greater were down-selected for further
tBACT economic cvaluation which include
activated carbon adsorption and thermal non-
catalytic oxidation. Nevertheless, a general
technology overview of wet scrubber absorption
is described below for evaluation completeness.

Ranking/Technology

Ia. Activated Carbon
Adsorption
lb. Thermal Non-Catalytic
Oxidation
3. \Vet Scrubber Absor1ption

Activated Carbon Adsorption: The principal use of activated carbon as a control technology is
for the removal of VOCs such as hydrocarbons, solvents, toxic gases and organic based odors. In
addition, chemically impregnated acti\aed carbons can be used to control certain inorganic
pollutants such as hydrogen sulfide. mercury. or radon. When properly applied, the adsorption
process will remove pollutants for which it is designed, to virtually nondetectable levels. Carbon

adsorption is equally effectiv e on single component emissions as well as complex mixtures of
pollutants.

NUCONh
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Physical adsorption is dependent on the characteristics of the pollutant to be adsorbed, the
temperature of the gas stream to be processed. and the concentration of the contaminant in the
gas stream. The adsorption capacity for a particular pollutant represents the amount of the
pollutant that can be adsorbed on a unit weight of activated carbon consumed at the conditions
present in the application. Typical adsorption capacities for moderately adsorbed compounds
range from 5 to 30 percent of the weight of the carbon. A typical carbon adsorption isotherm
i.e., benzene) is shown in Figure 4-1. This figure shows that the adsorption of a compound is

inversely proportional to the concentration when plotted on a log-log scale.

Activated carbon adsorption is applicable to low boiling point, small toxic. and volatile organic
molecules. Large toxic or organic molecules are very difficult to remove from an activated
carbon bed either by steam or by hot inert gas stripping and frequently result in decomposition or
permanent plugging of the carbon bed. When a small fraction of the toxic organic compound
"high boilers" (large molecular weight, high boiling point compounds) are present, a sacrificial
guard bed is used to protect the main regenerable beds from poisoning. The guard bed is replaced
when breakthrough occurs. Large toxic or organic molecule activated carbon adsorption is
economical only when the recoverable toxic organic compound is the significant fraction of the
total toxic organic compounds with a small percentage of high boilers.

For toxic or volatile organic compounds at low concentration (below 100 vppm), the typical
control technology is fixed bed adsorption on activated carbon and disposal of carbon off site. In
most cases. the adsorbent can be "reactivated" under similar conditions as the "activation process
(-1000 C steam, air environment) where the adsorbed compounds are destroyed and the carbon is
returned to near its original capacity. In addition, fixed adsorption is analogous to
chromatography, the various organic compounds adsorbing have a significant impact on the
adsorption capacity of other organic molecules, due to both displacement and to near permanent
deposition on the carbon bed. Thus, while the adsorbent may indicate a relatively high pure
component adsorption capacity for a particular component, when the gas stream has a large
variety of organic molecule sizes and boiling points, the equilibrium capacity indicated by
adsorption isotherms for that component cannot be approached.

As an example. a pure component isothermal capacity of 10 wt% may be reduced to as low as
0. lwt% in a multi-component system due to displacement by other components of the gas stream
or by the "plugging" of otherwise available surface by high molecular weight compounds. The
effect of "co-adsorbates" in the individual breakthrough adsorption time of the toxic organic
compounds was estimated by the National Research Council (NRC) in relation to chemical agent
incineration effluent control in a dynamic system. (NRC 1999, The Disposal otActivated Carbon
from Chemical -gent Disposal Facilities) and is shown in Table 4-3 (on next page).

Also. many emission source terms are defined with many safety factors. typically increasing the
assumed concentration of the toxic organic compounds in the inlet gas stream, often by as much
as an order of magnitude. Adsorption capacity is concentration dependent and an order
magnitude decrease in organic compound concentration typically results in halving the
adsorption capacity. Therefore. using an inflated source term for toxic organic compound
concentrations, results in an undersized adsorption system.

Page 13



RPP-ENV-46679 Rev. 0

Volatile Organic Estimated Initial Estimated Breakthrough Estimated Time for Multi-
Compound Concentration (ng/m3)a Time as Single Componentb Component PFS Flue Gas'

Benzene 90.000 2.4 ears 14.2 hours

Carbon tetrachloride 35,000 4.1 years 7.1 minuIes

C hioroform 22.000 2.5 years 5.7 hours

Vinv chloride 4,500 1.7 days 9.5 minutes
\ toiBed dim.nsin 214 juare feet. I fo-t dcep. 3.i S(, k of carion

Caltculated bhscd in D-R CqIUationl .Issumi ing( compleCte santrationo f tilierat 11 F
'Based on multi-componlcflt C 1mputer.i mode & F. n7 percent reit. c huindity
Source: \ational Rescarch (,OLn1 . 199

Furthermore. due to mass transfer limuiations, only ery large adsorbent beds approach the
equilibrium capacity under dynamic conditions. The length of the mass transfer zone OMTZ) is
again highly dependent on the properties of both the adsorbent structure (macro and micro
porosity) and the properties of the organic compounds. This is further complicated in case of

ariable concentration of organic compounds entering the adsorbent bed. because both
adsorption and desorption mass transfer needs to be considered. In most cases. the desorption
\ITZ is signilficantlv longer than the adsorption MTZ. These factors establish the minimum bed
depth (in the flow direction) criterion for adsorbent bed design. Typicall, . the minimum bed
depth. for long term use applications, should be several orders of magnitude longer than the
MTZ. Therefore. adsorbent beds cannot be designed solely on the adsorbent mass basis. the
geometry is also important. If the bed depth is shorter than one MTZ for a particular compound.
then instantaneous breakthrough of the organic compound will occur. (Schweitzer, 1 988.
Ihi)lndook ol Sepaitaion T(chniqcuesor Chemical Engincers. 2""' Edition ).

In summary. acti\ ated carbon has been shown to be applicable for treatment of a \\ ide % ariet\ of

cni\ i ronmental pollutants. It is a pro% en technolog, that is simple to install and easy to operate
and maintain. Capital costs are among the least expensive for most alternative treatment
technologies. Operating costs are primaril\ related to the amount of activ ated carbon consumed
in the adsorption process.

Thermal Non-Catal tic Oxidation: Thermal non-c:talytic oxidation is the process of oxidizing
combustible materials by raising the temperature of the material above its auto-igi(tion point in
the presence of oxygen, and maintaining it at high tellperature for sufficient time to complete
coillbustioil to carbon dioxide and water. Time. temperature. turbulence (for mixing). and the
availability of oxyven all affect the rate and efficicncy of the conbUstiol process. Tlese factors

provide the basic design paraimeters for oxidation systems ICAC 1999. Inr~iute o/ Clean Air
Companics. Cwutrol TtchmnologY InOrmation - Thermal Ojidjation).
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Typical thermal oxidation desihn efficiencies range from 98 to 99.99')o and above. depending on
system requirements and characteristics of the pollutants (E PA 1992: Control Tcchniqtues f

Io/a i/e Organic Emissions/irom Stationarr Sources: EPA 1996. (QIOPS COntrol Cos.t .awi/ l).

Thermal oxidation often the best choice when high efficiencies are needed and the waste gas is
above 20% of the Lower Explosive Limit (LEL ). Oxidation units. in eeneral. are not
recommended for controlling gases containine halogen- or sulfur-containing compounds because
of the forrnation of highly corrosive acid gases. It may be necessary to install a post-oxidation
acid -as treatment system in such cases. depending on the outlet concentration to reduce
increased corrosion rates (EPA, 1996). Thermal incinerators are also not generally cost-effective
for low-concentration, high-flow organic vapor streams (EPA 1995. Control (11d Po/lution

Prevntion Optiois for A mmonia Emission ).

Wet Scrubber Absorption: Wet scrubber absorption is widely used as a raw material and. or
product recovery technique in separation and purification of gaseous streams containing hieh
concentrations of volatile and toxic organic compounds. especially water soluble compounds
such as methanol. ethanol. isopropanol. butanol. acetone. and formaldehyde (Croll Reynolds
1999, Croll Rernolds Companv. Inc.. web site hHp:owu.crol/.Mn H owever. as an emission
control technique. it is much more commonly employed for controlling inorganic eases than for
volatile or toxic organic compounds. When using absorption as the primary control technique for
organic vapors, the spent solvent must be easily regenerated or disposed of in an environmentally
acceptable manner ( EPA 1991. Control Tc/mnologies /n- Ha:and us A ir Pollutants ). When used
for particulate control, high concentrations can clot the bed. limiting these devices to controlline
streams with relatively low dust loadings ( EPA 1998, Stationary Source Control Techniques

Docimnent f1r Fine Particulate Jatter).

Physical absorption depends on properties of the gas stream and liquid solvent, such as density
and viscosity, as well as specific characteristics of the pollutant(s) in the eas and the liquid
stream (e.e.. diffusivity, equilibrium solubility). These properties are temperature dependent and
lower temperatures generally favor absorption of gases by the solvent. Absorption is also
enhanced by greater contacting surface. 11higher liquid-gas ratios. and higher concentrations in the
gas stream (EPA. 1991). Chemical absorption may be limited by the rate of reaction. although
the rate-limiting step is typically the physical absorption rate. not the chemical reaction rate
(EPA, 1996). In addition, spent scrubbing waste water will be generated during LUnit operations
and usually is not returned to the original system for recycle.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for toxic
organic compounds. an economic evaluation of the two highest ranked technologies with
efficiencies of 99% or greater was perforined. The economic evaluations. total capital and annual
operating costs, for thermal non-catalytic oxidation and activated carbon adsorption are given in
Table 4-4 and 4-5. respecti cly.

The economic analyses included evaluation of direct and indirect capital costs (equipment and
installation). as well as annual operating costs (utilities. labor. and maintenance costs). To
estimate the technology equipment costs. the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA (uidance documents
and vendor information. Next. factors for fabrication from corrosion resistant materials \ere
applied. The above costs do not include disposal of secondary waste or post-oxidation acid gas
treatment.
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The equipment costs used in this evaluation were obtained by NUCON International. Inc by
obtaining quotes from suppliers (Appendix I) and using previous experience and expertise in
ammonia TBACT evaluations; and review ing costs from letter 0401233 DOE-ORP: 04-ED-
057."Submittal of Toxic Best Available Control Technology (tBACT) Determination and
Revised Paces to Non-Radiological Notice of Construction for Operation of New Ventilation
Systems In AN and AW Tank Farms (RPP-20774)- Letter.

and 24590-W TP-R PT-E NV-0 1-005. Best A allable Control Technologv A ,,alvsis fir Toxic A ir
Pollutants fow the IFTP (2002). Specific quote costs were aven priority over the report estimated
costs, which were 2002 and 2004 vintage. although in several cases where comparisons were
made between estimates and quotes; the differences in cost were minor. The total annualized
costs were based on a I 0o rate of return and a 40-year facility life for activated carbon
adsorption with treated adsorbent and a 10-year facility life for thermal non-catalytic oxidation
due to corrosion issues mainly from halogenated organic compounds.

Step 5: Select tBACT
The cost ton for removal of toxic organic compounds exceeds the cost effective threshold
previously acceptable to Ecology. Therefore, no specific control technologies were selected for
toxic organic compounds removal. The annualized costs are summarized in Section 8.
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Iotal Capital Costs (ILt)
Total Direct Costs So IS .8 52
Purchased Equipment costs

Equipment S340,000
Required Ancillary Equipment tS 10 cfm) 3000 S30.000
Instrumentation and Control 15% of Equipment S51.000
Freight 5% of Equipment S17,000

Sub-total Purchased Equipment Costs (PEC) S438.000
Direct Installation Costs

Foundation & Support 5% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC S61,320
Electrical 4% of Subtotal PEC S1 7_520
Piping and Duct Work 4% of Subtotal PEC S 1 .520
Insulation for Piping and Equipment 4' of Subtotal PEC S 17.520
Painting % of Subtotal PEC S8,760

Sub-Total Installation costs (IC) 5157.6S0
Site Preparation Equipment Specific S20,000
Building Costs (Equipment footprint - ft) Not Addressed N A ___

Total Indirect Capital Costs 5 80
Engineering
Construction and Field Expenses
Start-tip
Performance Tests
Contingencies

Total Annual Costs (TAC)
Direct Annual Coss

Electricity
Steam
W ater

NaturalI Gas

\Materials Chemi als

Uperating Expenses

operator
Supervisor
Scondary Waste

Maintenance
Labor
\Materials

Indirect Annual Cost
Overhead
.Admninlitat\ve

I 0%', of Subtotal PEC 543.800
5% of Subtotal PEC 521.900
10% of Subtotal PEC 543.800
1% of Subtotal PEC 54.380
15% of Subtotal PEC S65,700

$670,000

$0.0/k Whr
6.U01000 lb.

$0.25' 1000 gallons
5, 37 ICF

Proeess Specific

$515
$0
$0
$635,056
so

$62.75 Hlr $3.263
15% of Operanor $498
S129.24'cf 0

S62.75'llr 82.510
$680

Included in L abor Costs So
1ofTCC 515.90:

Annualized Cost per I on
See Appendix I-B.

Toxic Organic Compounds S6,
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Cost item Basis
Total Capital Costs (TCC) $_865.000

Fotal Direct ( zpitailC ~ ~ ______ __________________ __________

Purchased Lquipmemit costs
Equipment 5373,000
Requaired Ancidlry Lkquipment 1 cfm 3-t( 530.00
listrumentation and Control 15"' ot Lqu ipinent 5,') (
Fricght 5'.. of Equipment S 185.0(;

SLib-total PUrcha,,ed LLpjpmenit Cost,. (PLC S477.t00

Direct Installanon ( Cots

Foundation & Support N"o Ot SuubtotI PEC 53s,208
1 landline & Erection i4". of Subtotal PEC
Electrical 4", of Suhtotal PLC s 19. 104
Pip in and Duct \W ork 4'' of Suibtotal PEC S I 0.104

InisUlation fbr Pip ins aild Lqui ipMenmi 4"a of Subtotal PLC S I.04
Paintin 2" a of Subtotal PEC S0.552

Sub-Total Installation costs (IC) ( R 171 6

I. enpuc~e mt11 1L1 ic 5.omoo______

Buildinit CoeNt qpquipmnnt piootprint - te Not .ddreSed A

Total Indirect Capital C osts S195,816

Engincering I I of Subtotal PLEC S47._7_
C onstruction md Ficld Lxpenses 5" of Subtotal PEC '23.85(I
Start-up 10", of Subtotal PLC 4 7. 6

Perfornance Test, 1 1Of Subtotal PI.C S4,776
Continugencies I'5 of Subtotal PEC S-1,640

Total Indirect C osts SI95.640
Total Annual Costs (T AC) S709.000
irect Annual Costs

Utilities
Electricity $0.08 kWhr S()
Steam St6.0 100)o lbs So
Water 50.25 1000 gallons S0
Natural Gas $5.37 MCF 50
Materials Chemicals Process Specific SO

Operating Expenses
Operator S62.75 Hr 53,263
Supervisor 15% ofOperator S489
Secondar V Waste T&D I1 2 year carbon life) 129.24 cf S420,030

Maintenance
Labor 562.75 Hr SX.032
Mater als S244.400

indirect Annual Costs

Overhead Included in Labor C osus st
Administrative 2 % of TCC S 17.307
Insurance 1% of TCC S.653

Servie Lifv (ears) 40 __________

Cagital Recovery Factor __ __

I adTtlAnaie Co~t (AC + IM $7 97.0(") ____

Ton-s of toxic organic compoundssii ear 0.48
Annualized Cost perTn of Toxic Organic C Omlo _ S1.658.00
See Appendix I-(
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This section co\ ers the detailed e aluation for ammonia emissions tBACT. Ammonia emissions
have been defined by RPP-RPT-44009 and SVF- 182 1. Emissions are estimated to be 72 lb 24 hr
a\ eraging period derived from Table 3- 1 or 13 tons \ ear.

Step 1: Emission Control Technologies Identified

EPA documents present add-on control technoloCies used for ammonia emissions control

(Control and Pollution Prevention Options for Ammonia Emissions, EPA-456 R-95-002). The
add-on control technologies identifled are \\ et scrubbers and condensation. These technologies
are thoroughly described in the EPA references (E PA-456 R-95-002 and EPA 45 B-02-00 1)
and in letter 0401233 DOE-ORP: 04-ED-057. Use of the EPA cost estimating program also
suggests two other technologies may be considered as control technologies including activated
carbon adsorption and thermal oxidation. The following emission control technologies have been
identified for the destruction and or remo\ al of ammonia:

,Wet scrubber absorption
, Activated carbon adsorption with untreated adsorbent
* Activated carbon adsorption with treated adsorbent
- Thermal non-catalytic oxidation
a Thermal catalytic oxidation
a Biofiltration
* Condensation

Step 2: Elimination of Technically Infeasible Options
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
ammonia emissions from the primary ventilation system for DST farm operations. The screening
criteria were applied for the suite of control technologies for ammonia removal and or
destruction listed abov e and are shown in Table 5-1. The identified emission control
technologies that are technically infeasible and eliminated include:

" Activated carbon adsorption with untreated adsorbent
* Thermal catalytic oxidation
" Biofiltration
" Condensation

Activated Carbon Adsorption with Untreated Adsorbent: Activated carbon adsorption with
untreated adsorbent is not suitable for the DST farm source term. This is due to low adsorption
capacity efficiency of most commercially available adsorbents and associated at the low
ammonia concentrations that exist in the DST farm exhaust. See Section 4.0, Activated Carbon
Adsorption discussion. for additional details.
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C1rt lTechnology Stcning Results

1 Wet Scrubber Absorptton Acceptable

2 Activated Carbon Adsorption with Untreated adsorbent Eliminated

3 Activated Carbon Adsorption ith Chemically Treated Adsorbent Acceptable

4 Thermal Non-Catalytic Oxidation Acceptable

5 Thermal Catalytic Oxidation Eliminated

6 Biofiltration Eliminated

7 Condensation Eliminated

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile
organic compounds and ammonia emissions from a variety of sources. Generally high floxx. low
concentration applications are best suited to control these process units. Particulates or
halogenated volatile organic compounds and hea\ y metals can clog the packed bed or poison or
deactivate the catalyst reducing the design life of the unit. Specific poisons include halogenated
compounds. mercury, arsenic, sulfur. sodium. and calcium. See Section 4.0, Thermal Catalytic
Oxidation discussion, for further details.

Biofiltration: A bio-filter consists of a bed packed with biological material, sometimes even rwo
or three beds. The gas stream is lead through the filter bed where the contaminants are removed
from the waste gas by adsorption to and absorption by the filtering material. The components are
then decomposed by micro-organisms. The bed consists of a carrier containing biological
material such as: compost. tree bark. coconut fibers or peat. To decrease the amount of
acidification, calcium or dolomite is sometimes added to the packing material. At high
concentrations of nitrogenous. sulfurous or halogenated compounds, the forming of respectively
nitric acid. sulfuric acid and hydrochloric acid may acidify the filtering material reducing the
overall rem-loual efficiency of the process. thus. drastically increasing the replacement frequency
of the filtering material.

Condensation: Condensation technology remo\ es pollutants from a gas stream that is saturated
wvith water or warm and damp. by condensing to far below the vater's dew point. The
condensate that forms on the heat exchanger, serves as an absorption liquid for contaminants that
are easily dissolvable in wvater. The relatively large contact surface that is required for the
exchange of heat is also used as a contact surface for the exchange of dust. After passing throtigh
the condenser the gas stream is 1001 , saturated wvith water and the remaining condensate drips
are collected with a demister, thus. the contaminants are captured and removed in the liquid

phase. Due to the low concentration of ammonia and high moisture content of the DST farm
emissions. the ventilation exhaust would have to be dried to lower dew points than the ammonia
condensation temperature to prevent freezing and clogging of the condenser.
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Step 3: Rank Remaining Control
Technologies by Control Effectiveness

control technologies for ammonia are shown in Ra king Technolf
Table 5-2. All of these control technologies la. Activated Carbon Adsorption with >99%
have a removal efficiency of 99% or greater and Chemically Treated Adsorbent

are ranked equally. lb. Thermal Non-Catalytic Oxidation >99%
Ic. Wet Scrubber Absorption 99%

Activated Carbon Adsorption with
Chemically Treated Adsorbent: For the
removal of ammonia. the activated carbon needs to be chemically treated with phosphoric acid
(between 15-30 wt%) to obtain removal efficiencies of greater than 99%. The activated carbon
acts a collection substrate while the ammonia removal takes place by a reaction between the
ammonia and the phosphoric acid. The ammonia removal capacity under equilibrium conditions
is near stochiometric and is related to the phosphoric acid concentration. Adsorption efficiency is
affected by other compounds that can be adsorbed on the activated carbon but will not be
poisoned by them.

Removal efficiency is greater than 99% for fresh adsorbent and decreases near the stochiometric
loading of the adsorbent. Adsorption on chemically treated activated carbon is more suitable for
low concentrations of ammonia but it is capable of handling limited ammonia concentration
spikes. Spent chemically treated adsorbent, while theoretically can be re-activated by thermal
treatment. is typically disposed in landfills. See Section 4.0. Activated Carbon Adsorption
discussion, for further details.

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is a high temperature air-
ammonia process reaction without the use of a catalyst. The destruction efficiency depends on
the temperature of the unit operations. Greater than 99% o ammonia destruction can be achieved at
low temperature.

This technology is also capable of handling various concentrations of ammonia in the inlet
stream and it is not sensitive to concentration spikes. In addition, thermal non-catalytic oxidation
is not sensitive to halogenated or metallic compounds in the inlet stream (i.e.. treats and destroys
the majority of toxic or volatile organic compounds). However, acids and dioxins will be
generated during the destruction of halogenated organic compounds. which will contribute an
increased corrosion rate on materials of construction, thus, shortening the design life of the
process unit. Oxides of nitrogen are also generated by this process. which depending on
concentration may require additional treatment. See Section 4.0. Thermal Non-Catalytic
Oxidation discussion, for further details.

Wet Scrubber Absorption: Scrubber absorption is a common emission technology for
ammonia reduction, however it is used at higher concentrations than present in defined DST
fann source term (RPP-RPT-44009 and SVF-1821). At defined source term concentrations, the
scrubbing liquid has to be acidified to efficiently collect the ammonia. The scrubbing liquid is
replenished based on the conversion rate to salt and needs to be treated as secondary waste.
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The spent scrubbing secondary \aste water cannot be returned to the DST system and will need
to be sent to the effluent treatment facility (ETF). The quantity of ammonium sulfate which
would have to be treated by the ETF. based on the source term \ alue. is in excess of 100
tons year and exceeds the current ETF treatment capacity. See Section 4.0. Wet Scrubber
Absorption discussion. for further details.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for ammonia,
an economic evaluation of the above identified technologies applied to each unabated off gas
stream was performed. The economic evaluations for ammonia control technologies are shown
in the following tables:

* Table 5-3 - Thermal non-catalytic oxidation
* Table 5-4 - Activated carbon adsorbers with treated adsorbent
o Table 5-5 - Wet scrubber absorption

The economic analyses included evaluation of direct and indirect capital costs (equipment,
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials and adaptation
to field operations and maintenance were applied. The above costs do not include disposal of
secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc by
supporting the design and fabrication of similar facilities by obtaining quotes from suppliers
(Appendix 1) and using previous experience and expertise in ammonia tBACT evaluations: and
reviewing costs from letter 0401233 DOE-ORP: 04-ED-057. Specific quote costs were given
priority over the report estimated costs. which were 2002 and 2004 vintage, although in several
cases where comparisons wxere made between estimates and quotes the differences in cost were
minor. The total annualized costs were based on a 10%) rate of return and a 40-year facility life
for activated carbon adsorption with treated adsorbent and a 10-year facility life for thermal non-
catalytic oxidation and wet scrubber absorption due to corrosion issues mainly from halogenated
organic compounds and sulfuric acid scrubbing liquids. respectively.

Step 5: Select tBACT
The S ton for removal of ammonia exceeds the cost effective threshold previously acceptable to
Ecology. Therefore. no specific control technologies were selected for ammonia removal. The
annualized costs are summarized in Section 8.
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Total Capital Costs (TCC) $795,000
Total Direct Capital Costs $615,680

Purchased Equipment costs
Equipment $340.000

Required Ancillary Equipment S1 c fm) 3t0 530000
Instrumentation and Control 15%ir of Equipment S51 000
Freight 5% of Equipment 517.000

Sub-total Purchased Equipment Costs (PEC) 5438,000
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC 35.040
I landling & Erection 14% of Subtotal PEC S61.320
Electrical 4, of Subtotal PLC S17,520
Piping and Duct Work 4% of Subtotal PLC 517,520
Insulation tor Piping and Equipment 4% of Subtotal PEC S 17,520
Painting 2% of Subtotal PEC S8,760

Sub-Total Installation cost IIC) $157.680

Site -Prean EUipMtnt SpefIC S20,00
Building Costs (Equipment footprint - fir) Not Addressed NA
Total Indirect Capital Costs S179.580

Engineering I0%i of Subtotal PEC S43,800
Ct' truction and Field Expenses 5% of Subtotal PEC S21,900
Sta -up 1 W% of Subtotal PEC S43,800
Performance Tests 1' 1 ofSubtotal PLC S4.380
Contingencies 15% of Subtotal PEC S65.700

Total Annual Costs (TACI S666.000
Direct Annual Costs
Utilities

Electricity
Steam

Water
Natural Gas
Materials Chemicals

Operating Expenses
Operator
Supers isor
Secondary' Waste T&D i 2 year carbon life)

$0.08 kWhr
$6.00 1000 lbs
$0.25/l000 gallons
55 .3 7/MCF
Process Specific

S62.75IHr
15% of Operator

$129.24 cf
Maintenance

L-abor 862.75-FIr
Mlaterial

Indire 't Anrntal Costs
Oxerhead Included in Lal-
Administrative .2' of TCC
Insurance 1%" of T C

Annualized Cost per Ton of Ammonia
See Appendix 1-B.

$515
$0
$0
5635.056
So

S3.263
S489
SO

$2,510
$680

$223,000
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C*A, t I t 4 i i Basis ivst
Total Capital Costs TCC) S929.000
Tot.il Direct a it C
Plurchatd LqUiPMnt COitp

Equtimet 5403 311)

Reuired quipment (.n0 cfm 3000 000
I ntrumentalioin and Control I5% ot Equipment S60,450
Freijht 5Of EquLipMIeIt 820. 1";()

SuL-totl Purcheuid Lj ntc C ot (PL Si1.6oi

Direct In'talkain 11 I
Foundation & Support "" of Subtotal PLC 54 ,088
Slandlfini & Erection 141. of Suhtotal PEC 7QI04
E Lctrical 4" of Subtotal PEC S20,544
Piping and Duct Work 4" of Subotal PEC S20.544
lin1ulation for Piping and Equipment 4' ot Subltoul PEC 520.544
PaitinL 2 of Subtotail PLC II.2~2

sub-Total Installation cost, (C) S 14.8%
..P.aro Lqipmen e ic 520.000

E Lur e LL L.sIluildinit Co.! t -qurnn Iopnt tt NOt .\ddressed N A
Ioa Indirect CapitalC S1a "10,.5-6

EngincerinL I 01'. of Subtotal PLC 51 -

C oi'struction t d icid Epensc, 5, of Subtotal PEC 2 5. 681

Start-up 10", of Subtotal PEC 55 1.3O
Performance Tests IM of Subtotal PLC 55.136
Contingencies I 5 o f Subtotal PEC S77.040

1 otal Annual Costs (TAC) S5.052,000
Dircet Annual Costs
L tilities

Electricity 50.08 kWhr
Steam S6.00/1 000 lbs so
Wsater $0.25 1000 gallons SO
Mateials/Chemicals Process Specific $0

Operating Expenses
Operator $62.75 Hr S3.263
Supervisor i5% of Operator S489
Secondary Waste T&D 1 2 year carbon life) S129.24 ef S2.584.80(

laintenance
Labor S62,75.'lr S56,224
Materials S2.380.00M

Indirect Annual Costs
Overhead Included in Labor Costs so
Administrati\ c 2 %of TCC 518.58 1
Inusurartee 1% of TCC S9,290
Rate of Ret rw on Capital Investaent 1.%

Service Life (year-) 40ServieL~~~~~1't~. ........ ... 0.. ....... . ,A2 >~~

(apyi4Recovi Factor .102

Annualeg klIvsmn AI $95,0m0
Grand Total Annuahzed Costs (ACI + TA) $5,147,000
Tons of Amoniaear.12

Annualized Cost per Ton of Ammonia S392,000

'see Appendix 1-C.
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Cost Iteml Bas
Total CapItal Costs (TCC) 2.6190(0
Total Direct Capital Co~u I2.0S

Purchased Equipment costs
Equipment S 1,224.000
Required Anei lary Equipment (S 10 cfmn) 3000 so
Instrumentation and Control 15" of Equipment S 1 83.600
Freei ht% of Equipoent S61,200

Sub-total Purchased EQuipment Costs PEC) S1 468 S,800

Direct Installation C osts
Foundation & Support
I landling & Erection
Electrical
Piping and Duct Work
lrn.ulation for Piping and Equipment

8 of Subtotal PEC

14" % of Subtotal PEC
4' of Subtotal PEC
4", of Subtotal PEC
4', of Subtotal PLC

Painting U of Subtotal PLC 829,376
Sub-Total Installation costs (IC S528.768
Site Preparation Equipment Specific 20.000

Buildina Costs Equipment footprint - t Not Addressed N A

Total Indirect Capital C ost 5602208
En-ineering M",, of Subtotal PEC S 146,880
C onstruction and Field Expenses 5 of Subtotal PEC 573440
Start-up 10%, of Subtotal PLC S 146.880
Perfonrmance Tests 1% of Subtotal PLC S14.668
Contingencies I ' of Subtotal PEC $220.320

Total Annual Costs (TAC) $143,000
Direct Annual Costs
Utilities

Electricity .0)CkWhr SO
Stem 60 100 lbs SO

Waterial SO.25 1000 gallons $ 100 ()
Marerials:Chemicals Process Speecii S5O.000

Operating Expenses
Operator 62.74 Ir S3,263
Superisor I% of Operator S489
Secondary Waste T&D in excess of EFF capac t

(cannot be directly calculated but is Nery high)
\Maintenance S6255Hr3

Labor
Nvaterials

Indirect Annual Costs
Overhead Included in Labor Costs $
Administrative 2 % of TCC $$2395
Insurance l% of TCC S-6,197
Rat ital vestment
Sre if! (ears). 10 years - Based on co rosio# wsues in a %t environment

CapitAl Reci)Nery Factor 2.84

Annualizred Capia netet(C)$,5,
Grand ITotal Annualized Costs (ACI + TAC 7/,583.000

Tons of Aumonia/vear 13.12
An nualized Cost per T on of Ammoni S517.000
See Appendix I-D.
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TIls section co\ ers the detailed tBAC T e aliation for mercury and related compounds inCluding
dimethl rnercury for the DST farm sytem. Nlercurv and related compound emissions hav e been
e aluated and defined b\ RPP-RPT-440()(9 and SVF- I 21. Dimethyl Imercury is the onIl
compound identified exceeding its ASIL limit ( .00E-99 pl m. The maximum off-site
concentration for dimethyl mercury is estimated to be 3.t3E-S p' m'. with a corresponding
release rate of .40E -7 tons year (derived from Table 3-I1.

Step 1: Emission Control Technologies Identified for Mercury Compounds
The following emission control technolozies have been identified for Imercury compounds
including dimethyl nCrcury:

C Wet scrubber Absorption.
* Powdered Carbon I njection

Pow\ dered Carbon Injection with chemically treated carbon
Fixed Carbon Beds
Fixed Carbon Beds with chemically treated carbon
Depleted Brine Scrubbing
Selenium Filters
(iold Amaltamation

Step 2: Elimination of Technically Infeasible Options
Qualitative screeninU and el im i nation Criteria w ere de\eloped for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
mercury compounds. including dimethyli mercury. emissions from the primary entilation s\stem
of the DST farm operations. The screening criteria for applicability were applied to the control
technolouies listed above and are shown in Table 6-1. All identified control technologies except
for one has been eliminated for the removal of mercury compotnds. The primary reason for
elimination of these technolouies is due to they ha\ e not been pro% en at a stfficient scale and
irresol able technical difficulties. A brief description of each of each control technology is i\ en
below:

Control Technical Description Screening Results
1 Wetsc ber \bsrptin Eiminnated
2 Pow dered Carbon Inection Eliminated
3 Po\dered Carhon Injection t ah chemical k treated carbon Eliminated
4 i xed Carbon Beds Eliminated
5 Fiwd Carbon Beds nuithcheicall treatedcarbon A\iphcable
6 Depleted Brine Scrubbin EHiminated
7 Seleiuma FilteS Eliinnated

8(j klAmaleamation Eliminated
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Wet Scrubber Absorption: Wet scrubbing. requires highly reactive sulfur containing additives

in the scrubbing liquor and has reasonable efficiency for water soluble mercury compounds only.
It has been applied on some coal fired power plants where the primary purpose of the scrubbine

is acid gas removal. There is no chemical reason or any experimental data indication to expect

that organic mercury compounds can be removed. For example. dimethyl mercury. an organic
mercury compound. is not water soluble and is not applicable for wet scrubbing abatement

technologies. Extensive waste liquid disposal or collection and treatment are required to support
this technology. See Section 5.0. Wet Scrubber Absorption discussion. for further details.

Powdered Carbon Injection: Powdered carbon injection is an existing control technology for

power plants where powdered carbon is injected into the flue gas and reacts with mercury both in

the gas phase and upon deposition in the particulate collecting bag-house of the power plant. It

can be considered onlv when bau-house collectors are installed downstream and the carbon is
continually injected and removed in conj tinction with the ash collected in the bac-house.

Mercury removal efficiencies have been cited between 50 - 700o for elemental mercury.

Powdered Carbon Injection with Treated Carbon: Powdered Carbon Injection with

chemically treated carbon, is a variation of the above process, resulting in somewhat higher

mercury removal efficiency at an increased carbon cost and commensurate corrosion probleum
from the typical additive bromine.

Fixed Carbon Beds with Untreated Carbon: Fixed carbon beds are used in several

applications for mercury vapor control. but their use has been almost completely superseded by
the use of chemically treated carbon in the fixed beds. The mercury is only physically adsorbed

on untreated activated carbon and migrates through the adsorbent bed according to the mass
transfer conditions in the fixed bed. Untreated carbon is more sensitive to the presence toxic

organic compounds and inorganic vapors than the treated carbons. (EPA-452-R-R7-010.
A1errvm Stuck Report tO Congress. Volume 1III: -In Evaluation of A'.erciw Control

Te(hnologies and Co'ts. December 1997 and EG&G-2008-EERC- 1-02. EG&G Carhon
Evaluation for ercm-v Removal)

Depleted Brine Scrubbing: Depleted brine scrubbing is applicable only to chlor-alkali plants
where the brine is one of the flow streams. This technology is not applicable and is not used in
the other applications.

Selenium Filters: Selenitim on adsorbent based filters was eliminated due to selenium beingT a

toxic material, Sulfur on adsorbents is equally reactive without the additional toxic hazards and

is lower in cost.

Gold Amalgamation: Gold amalgamation is not an industrial process and has only been applied
in mercury concentration measuring instruments only. There is no commercial or industrial

destruction or removal application for this process Sjostrom, et.al, EPA, DLevelopmnt and
De'monstration o/ Her ilv Control )Y -dLorption Proeevs (NMerCAP I

\lcr( APT" is a I rademark If Letman instrumnem Compan.\. Be3rmc'e, 11lonois
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Step 3: Rank Reraining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the control technology to reduce the post treatment
emission rate for dimethyl mercury. The only control technology found to be applicable for
mercury (including dimethyl mercury) control is fixed carbon beds with chemically treated
activated carbon.

Carbon. that is chemically treated with sulfur or iodine, can remove mercury compounds. The
most common in industrial applications is the sulfur impregnation of the carbon and is used in
similar composition and size off gas control in the U.S. (e.g.. chemical \\ eapons incineration off
gas mercury control, mixed waste incinerator off gas control, nuclear waste melter off gas
control. petrochemical processing). In these applications. the impregnated activated carbon
(IAC) is placed in a fixed bed, either vertically or horizontally and used until the exhaustion of
the IAC. The life of the IAC is dependent on total mercury inlet concentration.

Several laboratory. pilot and full scale tests ha\ e been performed with varying degrees of inlet
mercury concentrations in air. in natural gas. and with organic compounds present in the off-
gases of melters. incinerators and other gaseous wvaste treatment facilities. [INEEL CON-97-
01 225 1997. Mercuri Emuissons Control Technologies /ir Mixed Waste Thernmal Treatmeni
(1997): IN EEL CON-00-0l 332 200 1. Removal o/Af erim fi-on? the Ofi-Gas/Fon TheiWrIal
Trealnent of Radioactive Liquid Wlastes (20 0f. One of the common IACs is M ERSORB P - for
which additional test reports are also attached. (Appendix 2)

Impregnated Activated Carbon mercury vapor abatement technologies are mature and have been
snccessfully used for the control of effluents and emissions in both nuclear and militarv
applications. The nuclear application typically treats radioactive waste melter eftluents and
incineration off gases from processes such as the THOR F, Process' [Soelberg,. et al. T3 20107
CUn/erence. O/FGas A Iercurv control using S11/ur mpregnated .ct/i ed Cahon, - Test
Results, (May 2007)]. The military applications consist primarily of the effluent control from

chemical agent destruction either by thermal or chemical processes.

Several of the tests reported in the MERSORB k Bulletin were performed using radioactive
mercury ( Hg). Comparing the total mercury decontamination results between the air gas
carrier and natural (as carrier gas streams indicates that the total mercury removal was better
from the natural gas stream. wvhere organic mercury could form from the air stream. The manner,
in which the tests were run, xxwould have indicated different movement of mercury species by dual
radioactivity peaks. No movement of mercury species were obser\ ed for long-term test data
cenerated under chemical auent incineration condition air flow\ s and operations.

There are also reports showN ing that dimethyl mercury in the presence of methanol decomposes to
methane and elemental mercury [Wongkasemjit. Laborator Stuli o/ Co7ro-.ion E/tect of
Dimethyl AMercurv on .Natural Gas Processing Equipment ( 2000)]. Considering that the methanol
flux in the -as stream is about six orders of magnitude higher than the dimethyl merciUry flux. it
is expected that during adsorption treatment of both compounds through the IAC bed, it would
give sufficient contact time to decouple the mercury from the methyl group.

In addition. the Washington State Department of Ecology evaluated mercury and dimethyl
mercury releases from several landfills. [Prestbo. Determinotion o/ Total audDinmeihvl lercmyr

M ERSORB i a reC tered tradenrk o f N IiCun international. ColumbsLI. Oil
1- ITR isai trademnark of I IOR treatment I echnoloaics, Richland, \t A
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in Ran Landfill Gad with Site Screening fnr Elemental Alercuri at Eight WI'a shington State
Landfihlls 1ar the Wa'ishington State Department oa Ecolo g )Julv 2003] The sampling trai n
which used an untreated carbon substrate without impregnation. preferentially adsorbed dimethyl
mercury to elemental mercury.

Under the current Ecology regulations. evaluation of dimethyl mercury abatement systems is
triggered at levels over 1.OOE-99.

The landfill study, cited above, used the best available detection method and resulted in a
dimethyl mercury analysis above 20 ng m3. This resulted in a reasonable relative standard
deviation (RSD) of --10 %.o. Below 2 ng m3 the RSD increased to above 8 0%0. Based on this
report. in a similar gas stream matrix, the minimum reliable detection limit for dimethvyl mercury
is 10 ng m3 or I I0E-2 pig m.

Step 4: Evaluation of Most Effective Control Technologies
On the basis of the above, the only available. pro\ en technology for total mercury control. even
in the presence of dimethyl mercury, is treatment of the gas stream by LAC. The sizing. costing
and operating costs are based on one of the IACs MERSORB . The economic evaluations, total
capital and annual costs, are shown in Table 6-2.

The economic analyses included evaluation of direct and indirect capital costs (e.g.. equipment,
installation), as \\ell as annual operating costs (e.g.. utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials and
adaptation to radioactive environment operations and maintenance were applied. The above costs
do not include disposal of secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International. Inc. who
owns MERSORBK technology. The total annualized costs were based on a 10% rate of return
and a 40-year facility life and a 10% rate of return on capital for mercury compounds including
dimethyl mercury emissions control.

Step 5: Select tBACT
The cost ton for removal of mercury and mercury related compounds exceeds the cost effective
threshold previously acceptable to Ecology. Therefore, no specific control technologies were
selected for mercury and mercury related compounds removal. The annualized costs are
summarized in Section 8.
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( ost Item Basis Cost
Total Capital Cots TCC 90.O_ _

Purchased Lquipment CO ts
Eq Uipnent 524".mw)
Required Ancillary Lquipmem i cmi 3t000 ;S.0()

Instrumentation and C ontro! 1 5" 0' Equipment N37105)

Freight of Equipment S 12,350
Sub-total Purchased EmJmnpg osx EG) C PLC S326,400

Direct Installation Costs
Foundation & Support of Subtotal PEC '2n I I 2
I landling & Erection 14", of Subtotal PLC S45.66
Electrical 4"' of Subtotal PEC SI 3.056
Piping and Duct \ork 4", of Subtotal PIEC 5 i.056
Insolation for Piping nd E quipment 44, ol Subtotal PLC SI 3.I0;o
Paintino 2* 1 Subtotal PEC .528

Sub-Total Installlation coxts ( IC) 7 I7.504
Site Preparaton Equ ipment specitic 2) )t
Buldinu Cot t-) Not \ddresed IN A
Tttutl Itndirect C aptal_(oms_______ 513.52 4 ________

Encineerine 10 , of Subtotal PEC 532.64
C'onstruction and Field E.xpenes 5 4f Subtotal PEC S I 6,3210
S art-up i (W", ot Subtotal PEC S32,640
Perlfrmancc Tests %o of Subtotal PEC S3264
C ontinaencies 154 of Subtotal PEC 545.960

Total Annual Costs (TAC) $33,000

Total Annual Direct Costs
Utilities

Electricity S0.08 kWhr so
Steam S6.00 1000 lbs S0
Water 50.25 1000 gallons So
Materials Chemicals Process Specific SO

Operating Expenses
Operator S62.75 Hr 53.263
Supervisor I5", otOperator S49
Secondan W aste T&D 1 2 year carbon lifeS 29,24 ct' 4.061

NIaintenance
Labor S62.75 ir S401
.Materials S4.675

Total Annual Indirect Costs
Overhead Included in Labor Costs 50
Administrativ e 2 %, of TCC SI 1.054
lnxurance I' otTCC S5,977
Rate of Return on Capital In% esaeJt 10%
Ser~vice Life (vers) 40
Capital Reos ery Factor 0,102
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Annimlized Ca pital Investuent (ACT) $61,000
Grant 1 Annualized Costs ACI + TA( $94,000
Tot of Mercuv Compound&/Xear 0.000261
Annualized Cost per Ton of Mercury and Mercurv Related Compounds S361.867.A00
See Appendix 1-(.
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This section coN ers the detailed tBACT evaluation for non-mercury metal compounds for the

DST farm system. Several of the non-mercury metal compounds have emissions above the de
minimis le\els. [RPP-RPT-44009 and SVF- I 82 I and are summarized in Table 7-1. These
compounds will be present in particulate form as metals or metal salts.

Particulate. Concentration (pg/tnf)
Arsenic (particulate t'0r on0 : eXCIludes, hydride 1.69E-06
Beryllium 8.46E-08
Cadmium 8 .46E-07
Chromium 2.59E-06
Cobalt 5. 14E-05

W AC 1 73-480-060. Emision Standcarsl /Orew and Modified EniiSS ioln Units and W AC 246-
247-040. Radiation Protection A ir Emis.sions state that a BARCT for radionuclides
(particulates) is required and that. at a minimum, a filter train consisting of prefilters. mist
eliminators. and dual H-EPA filters must be employed. Since these technologies have already
been e\ aluated for radionuclides. they will control emissions of particulate metal compounds

identified in Table 7-1. No further technology selection or evaluation steps were performed

except for the evaluation of the radiological control required fltering components efficiency for
these pollutants.

The individual technology components in-place stage efficiencies of two exhatister trains
required by W AC 173-480-060 are: Mist Eliminator - 99')o: Pretilter - 80%o: and HEPA Filtration
each stage 99.95 %. This combination results in higher than 99.99)) combined removal
efficiency. but a conservative removal efficiency \ alue of -999o is used. The efficiencies listed
for HEPA filters are based on the 0.1 -0.3 micrometer size. least filterable, particle size range.
The efficiency for this type of IIEPA filter is higher for both smaller and larger particle sizes.

The combination of the above listed particulate metal compounds control technologies achieve a
combined removal efficiency of 99.99% (in-place), when assembled according to ASME ANSI
N-509 Standard and have components that meet ASME AG- I Code: Section FA (mist
eliminators). Section FB (pre-tilters). and Section FC (HEPA filters). This combination of air
cleaning control technology components is currently required for primary ventilation of DST
faims. Therefore, no further tBACT evaluations are required for particulate metal compounds.
This set of control technologies are credited by a decontamination factor (IDF) of 10.000 for the
above listed particulate metal compounds TAPs. which brings all of these untreated TAP
concentrations to the following treated values.

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed
DST farm Air Cleaning Unit (ACL) consists of particle removal components: demister (mist

agglomerator): prefilter: HEPA filter 1: and HEPA filter 2.
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These elements remove various size aerosols at the currently accepted efficiency of:

* Demister - 99 % liquid droplets by mass minimum and 99%0 minimum for 5-10 micron range
* Pre-Filter 4 - 30-0' o Atmospheric dust depending on type
*I 1 HEPA Filter 4 99.97%)0 Hot DOP minimum at 0.3 micron (AMAD size)
0 2"I HIEPA Filter 4 99.97o Hot DOP minimum at 0.3 micron (AMAD size)

The above listed efficiencies are all based on single component efficiencies. The same
efficiencies may not be true when applied to a system containing multiple components.
Components that are installed in a "filter train" may have installation irregularities. in-place
testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns. and
thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95(%U.
These qualifications and in place tests are not "mass based" with the exception of mist eliminator
which has a required mass basis a minimum of 99% efficiency.

The H EPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP,
Pol\olefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and
smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA CSN R 2009). The typical
metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the
minimum efficiency filterable 0.3 micron. (Bowling 194 1. Lujaniene 1995. Ogordkinov 2004,
Papastefanos 2009). The removal efficiency for multiple banks HEPA filters wNhile difficult to
detennine using the conventional DOP aerosol test method (due to inadequate test aerosol after
the first staue) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron
-" PuO2 aerosol resulted in a DF of 1.88E 12 to 1.7E 13 and for three HEPA filters in series the
DF was from 2.1 E 12 to 4.7E 13 [(Gonzales, Perfi'knmanwe o Afultiple HEPA Filters against
Pluitonun Acroso[s ( 1974): Linck. In-Place Testing of Al.dtiple Stage HEPA Filter Plenums

1974)]

In this evaluation, the decontamination credit of Q.99 % by mass (DF of I 0E4) for the metal
aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two
HEPA filters in series when built according to the ASNME AG-I Code and in place tested
according to ASME/ANSI N-5 10 (i.e. each HEPA stage in place tested individually). This
combined mass remOVal efficiency can be achieved solely by the combined filtration efficiency
of the above listed air cleaning elements without including the additional removal of the water
droplet scrubbing of these aerosols on the mist eliminator.
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After detailed c\ aluation of the four TAPs and or groups of TAPs and the effecti cness and costs
of emission control technologies for each. a S ton was determined to implement a control

technoloev as identified in Table 8-1. All of the identified technologzies were eliminated because
their cost per ton exceeded the cost ceiling guidelines previously approx ed by Ecology and EPA
as economical lV unjustifiable. Although the c\ aluated technology would remove 9S-99" of the

pollutants, the cost of the abatement becomes prohibitix e on a per ton basis due to the low
emission rates.

Based on the results of this tBACT evaluation. the proposed tBACT control technology for the
DST primar\ ventilation systems consistS of a moisture de-entrai ner. pre-heater. pre-fiIters. and a
I EPA filtration svstem in the treatment train.

Total Eissions per AnnudI Cost of Celing Col
Annualized Year (tons) Removal Efkectiveness
Costs ($year) (/ton f Threshold (S/ton)

Ammonia

Thermal Non-Catalvtic Oxidizer S2,925.000 13 S223.000 S105.000

Activated Carbon Adsorption S5.148.000 13 5392.000 3105.000

Scrubber S7,583.000 13 S583.000 S105.000

Toxic Organic Compounds

Thermal Non-Catalytic Oxidizer S2.925,000 0.48 36.093,000 S105,000

Activated Carbon Adsorption $797.000 0.48 $1.661,000 $105,000

\Iercurv and Mercury Related
Compounds

Activated Treated Carbon S94,000 2.6E-04 S363.185,000 3105.000
A dsorption

Particulate Metal Compounds Particulate metal compounds are removed by the required particulate filtration train
for removal of radionuclides at a 99.99% removal rate.

Nots:
0 ( of Removal equals thel otal Annualized Cost (S year) di ided by the Emissions per Year (ton, ).

'See Section 2, tBACT Methodology, for a detailed discussion.
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Appendix A

The cost basis used to cenerate the data for each of the cost estimates for toxic organic
compounds, ammonia, and mercury and mercury related compound were developed using
prexVious experience and expertise in ammonia BACT evaluations: and reviewing costs from
letter 0401233 DOE-ORP: 04-ED-057 and 24590-WTP-RPT-ENV-0 1-005. Best 4 vil/able
Control Te'hnolo .-blvsis fi/r Toxic Iir Pollutants f/r the WVTP (2002). Specific quote costs
were given priority over the report estimated costs, vhich were 2002 and 2004 vintage. although
in several cases where comparisons were made between estimates and quotes: the differences in
cost were minor. In addition. equipment cost estimates wNere based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials were applied
when necessary. Cost estimates do not include disposal of secondary waste or potential post-
treatment gas treatment.
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Appendix 1-A Thermal Oxidizer Cost Estimates
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SYSTEMS
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BUDGET PROPOSAL 4665S"YSTEM S NUCON International, Inc.
DECEMBER 10, 2009

INTRODUCTION

COMPANY INTRODUCTION

Met-Pro Systems is pleased to submit this proposal for your consideration. Met-Pro Corporation, a
NYSE listed company headquartered in Pennsylvania, USA is one of the world s leading supplers
of air and fluid purification and handling technology, products and solutions. With 10 divisions and
multiple subsidiaries in the USA and Europe, Met-Pro Corporation has the global experience with
over 30,000 installations in over 70 countries to provide unequalled integrated product and
systems solutions.

Met-Pro Corporation was recently recognized, for the second consecutive year, as one of
America's "200 Best Small Companies" by Forbes magazine. Through its business units, in the
United States, Canada, Europe and The People's Republic of China, a wide range of products
and services are offered for industrial, commercial, municipal and residential markets
worldwide. These include product recovery and pollution control technologies for purification of
air and liquids; fluid handling technologies for corrosive, abrasive and high temperature liquids;
and filtration and purification technologies including proprietary water treatment chemicals and
filter products.

Met-Pro Corporation has been recognized for the second consecutive year as one of the world's
"Top Small to Midsize Manufacturers" by Start-It magazine. According to Start-It, the "SMB
1200," is "a complete list of the top small and medium-sized manufacturers in the world". All of
the companies that appear on the SMB 1200 have annual revenues between $40 million and just
under $1 billion, and many, according to Start-It, "have shown intense resilience even as
industry continues to face significant market pressures."

FAE, eg[
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BUDGET PROPOSAL 4665

SYSTEM S NUCON International, Inc.

Jon DECEMBER 10, 2009
1Thermal Oxidatio
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EQUIPMENT DESCRIPTION

The thermal oxidizer is used to convert hydrocarbons to carbon dioxide and water. This
occurs by heating the hydrocarbons in an oxygen rich atmosphere to a temperature that
will allow the oxidation reaction to occur at a rapid rate. The thermal oxidizer operates at
22000F. The reactants are held at this temperature level for approximately 2 seconds.
This will provide a minimum destruction efficiency of 99.99% of the organic contaminants.

The thermal oxidizer shall be of a cylindrical configuration and mounted horizontally or
vertically, depending on required pollution control equipment downstream. Support legs
shall be fastened to a foundation with embedded anchor bolts and grouted in place (by
others). The casing shall be constructed of carbon steel plate and standard structural
shapes. The exterior shall be painted with a single coat of high temperature silicone-based
paint and the interior shall be refractory lined.

Air for combustion shall be drawn from ambient air and blended with the process air to
achieve a level of oxygen required for flame stability (oxygen in the process is low because
of the high water vapor content).

During "Heat-up", "Idle", and "Cool-Down" periods, no waste shall enter the unit. Fresh
ambient air shall be forced through the system using the fan. Dampers on the inlet of the
fan shall isolate the unit from the process and provide an inlet for the ambient air. Heat-up
ramp rate is 50*F to 100*F per minute. Cold start to operation time is less than 30 minutes.

Overall Length: 23'

Casing Diameter: 7' - 4"

Estimated Equipment Weight: 15,000 lbs

Combustion/Dilution Air Connection: 14"

Natural Gas Connection: 3"

Ancillary equipment for the thermal oxidizer shall include:

* One (1) Nozzle Mix Burner

* One (1) NEMA 12 Control Enclosure with Sub-Panel

" One (1) Allen Bradley SLC5/05 PLC Controller

" One (1) lot of Field Instrumentation for Met-Pro supplied equipment.

4
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NUCON International, Inc.

DECEMBER 10, 2009

" Interconnecting carbon steel Ductwork with Expansion Joints between Met-Pro
Supplied Equipment.

* One (1) Gas Train Assembly with Temperature Control Valve for natural gas

" Class I, Division 11 Outdoor Electrical Classification

* One (1) Combustion/Dilution Air Blower with Starter

" Two (2) Control Dampers for Combustion and Dilution air

. Two (2) Pneumatic Dampers for Process and Fresh Air Isolation

UTILITIES

Combustion Air Blower:

Natural Gas Supply:

Compressed Air Supply:

Electrical Power:

Control Power:

10 hp

270 SCFM @ 10 PSIG

275 lb/hr @ 80 PSIG

460 volt / 3 Phase / 60 Hz

120 voIt / 1 Phase / 60 Hz

PERFORMANCE

Destruction and Removal Efficiency of Organic Compounds: 99.99%

SCOPE OF WORK

Supply by Met-Pro

* Equipment arrangement and design
* Equipment Supply and Fabrication (see " Equipment Description" above)
* Programming of Local control system and HMI
" Operating and Maintenance Manuals
" Installation Instructions

5
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Supply by Others

The following items are to be supplied by others and are not included in Met-Pro
Systems scope of supply:

" Demolition of existing equipment or facilities
* Any modifications to existing equipment
* Building, structural, foundations, anchor bolts, grouting, embedded materials, or

any other Civil Design, Materials, and Installation
" Cranes and other tools required for demolition or installation.
* Installation labor and materials
. Design and supply of any equipment upstream of the Thermal Oxidizer.
. Any freeze or personnel protection equipment or materials including insulation

and cladding.
" Design and supply of utilities.
* Design, programming, and hardware for integration with plant control system and

data acquisition.
" All Interconnecting wiring, conduit, termination, and supports
* All Interconnecting piping, tubing, and supports.
* Interconnecting ductwork and supports for supply to Met-Pro Equipment.
* Transportation and receiving of materials to site
* Installation supervision or commissioning services

Our service department can provide installation supervision and commission services if

desired at our standard rates.
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PRICING

The pricing given is for the supply of equipment only.
materials, and supervision shall be by others.

Installation design, labor,

Met-Pro Supply as described above is:............................................$340,000

Field Supervision, Commissioning, and Training

Field Supervision, Commissioning, and Training Services are not included in the Met-
Pro Supply price given above. These services are offered at the following rates:

Field Service Personnel................................$ 1,500/Day/Person

Travel and Living Expenses............................$ Cost + 10%

Validity

Pricing is valid for 30 days, excluding escalation, from the date given on the cover page
of this document.

Escalation

Due to current market volatility in steel, nickel, chrome, copper, precious, and other metals, pricing
provided may be subject to escalation at time of Met-Pro issuance of purchase orders to its
suppliers.
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BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

ENGINEERING AND FABRICATION SCHEDULE

Based upon current equipment and material availability, we anticipate the following schedule
applying to this project:

MILESTONE
Receipt of purchase order
Drawings for approval
Approval of drawings
Fabrication
Delivery

TIME
0
6 weeks
2 weeks
16 weeks
1 weeks

ELAPSED TIME
0
6 weeks
8 weeks
24 weeks
25 weeks

This schedule is predicated on customer approval within the time frame noted. Delays in approval

will extend the completion date by at least the time equal to the delay. Lengthy delays may result

in rescheduling of manufacturing, which could result in a greater offset of shipping dates and

increased prices as a result of raw material increases. Shipment timing may change depending
upon shop load at the time of order.

COMMERCIAL TERMS

* All Pricing is in US Dollars.

* All credit subject to approval.

* Payment Terms
25% of order upon award
25% of order upon complete submittal of the approval drawings
25% of order with drawing approval/release to manufacturing
25% of order with shipment

Met-Pro Systems Terms and Conditions are attached hereto and form an integral part of this

proposal.
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MET-PRO TERMS AND CONDITIONS OF SALE

The following terms and conditions form part of each proposal submitted by Met-Pro Corporation, its divisions or subsidiaries, hereinafter called

"Seller," for the sale of equipment, machinery, materials, consumables or services (collectively the 'Contract Goods") to a Client/Customer,
hereafter caled "Buyer", and any contract made by and between the parties includes as part thereof these terms and conditions. Any
provisions or conditions of Buyer's order which are in any way inconsistent with, or in addition to Seller's terms and conditions shall not be
binding on Seller, and shall not be applicable, except with Seller's written acceptance. No changes in, modifications of, or additions to the
terms and conditions of this form shall be binding on Seller unless in writing and signed by a representative of Seller duly authorized for that
purpose. Any contract resulting from this proposal shall be construed and enforced in accordance with the laws of the Commonwealth of
Pennsyivania without giving effect to the choice or conflict of law provisions or rules thereof, The parties agree that any action arising out of or
relating to this sale, shall be brought only in the Court of Common Pleas of Montgomery County, Pennsylvania, or the United States District
Court for the Eastern Division of Pennsylvania, and hereby consent to venue in such courts.

MATERIAL WARRANTY

Warranty - Seller warrants to Buyer that the Contract Goods manufactured by it is free from defects in material and workmanship under normal
use and service for a period of eighteen (18) months after shipment or twelve (12) months after initial operation, whichever occurs first, or for
such period of time as is specifically provided for on the face of the written quotation or order form, and for no additional period of time unless
Seller expressly agrees in writing to a longer warranty. All auxiliary equipment not manufactured by Seller carries such warranty as given by
the manufacturer thereof and which is hereby assigned to Buyer without recourse to Seller. Seller's warranty for consumables shall be pro-
rated over the applicable aforementioned period.

No warranty is offered as to refractories or protective coatings, other than the material composition is in compliance with specifications

Terms - Upon discovery of defects in materials or workmanship during such eighteen (18) months after shipment or twelve (12) months after
initial operation as described above, Seller shall either repair or replace the equipment, on the condition that the conditions set forth
immediately below are met. Even if Seller repairs or replaces the equipment, its original warranty term is not extended. Seller's obligation
under this warranty is, at Seller's sole option, to a one-time repair or replacement of any part which is shown to Sellers reasonable satisfaction
to have been defective as to material, workmanship or design, provided that:

1 . written notice of such defect is given to Seller within ten (10) calendar days of discovery thereof;
2. the equipment has been installed and operated in accordance with the purpose for which it was purchased and the installation, operating,

and maintenance instructions provided by Seller;
3. no alterations or substitutions have been made in the equipment;
4. Seller may require the return of the defective material to establish any claim or make repairs but in no event shall the material be returned

without Seller's consent. All returned equipment or parts must be free from any hazardous materials:
S. No payment or allowances will be made for repairs or alterations in the equipment unless Seller's prior written approval has been

obtained. All removal, shipping, and reinstallation costs shall be to Buyer's account; and
6. Seller shall not be required to honor any warranty obligation until such time as it shall have been paid in full by Buyer.

PATENT WARRANTY

Seller shall defend at its expense any suit or proceeding brought against Buyer based on any claim that the equipment manufactured by Seller,
except for equipmentlmaterial manufactured and/or designed to Buyer's specifications, infringes any United States patent issued as of the date
of the proposal or contract provided Buyer gives to Seller immediate notice in writing of the institution of the suit or proceedings and permits
Seller, through its Counsel, to defend the same and gives Seller all needed information, assistance and authority to enable Seller to do so.
On any equipment or component manufactured by others, Seller shall pass through any patent indemnity offered by said manufacturer. Seller s
liability shall be limited to rendering reasonable assistance to Buyer to enforce said indemnity, which term shall not be deemed to include the
payment of any fees or expenses of Buyers legal counsel or to require Seller to institute suit or to participate in any such litigation.

IMPLIED WARRANTIES AND DISCLAIMER

THE WARRANTIES FURNISHED BY SELLER AS EXPRESSLY INCLUDED HEREIN CONSTITUTE SELLER'S SOLE OBLIGATION
HEREUNDER AND ARE IN LIEU OF ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING WITHOUT I-IMITATION
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WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, EVEN IN THE EVENT OF A FUNDAMENTAL
BREACH BY SELLER. THERE ARE NO WARRANTIES. WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE HEREOF.

DISCLAIMER OF WARRANTIES
SELLER SHALL NOT BE LIABLE TO BUYER OR BUYER'S CUSTOMER FOR INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED
DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE, LOSS OF USE OF CONTRACT GOODS, COSTS OF
REPLACEMENT POWER OR CONTRACT GOODS, ADDITIONAL EXPENSES INCURRED IN THE USE OF CONTRACT GOODS OR
FACILITIES, OR THE CLAIMS OF THIRD PARTIES, EVEN IF SELLER HAS BEEN ADVISED OF POSSIBILITY OF SUCH DAMAGES. THIS
DISCLAIMER SHALL APPLY TO INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED DAMAGES BASED UPON ANY CAUSE OF ACTION
WHATSOEVER ASSERTED AGAINST SELLER, INCLUDING ONE ARISING OUT OF PRINCIPLES OF CONTRACT, ANY BREACH OF
WARRANTY, EXPRESSED OR IMPLIED, GUARANTEE, EQUIPMENT OR OTHER CONTRACT GOODS LIABILITY, NEGLIGENCE, TORT,
OR ANY OTHER CAUSE PERTAINING TO PERFORMANCE OR NON-PERFORMANCE TO THE PROPOSAL OR CONTRACT BY SELLER.
BUYER SHALL HOLD SELLER HARMLESS FROM ANY SUCH CLAIMS BY BUYER'S CUSTOMER.

INSPECTION

If upon receipt of the Contract Goods by Buyer, the same shall not conform to Buyer's order, Buyer shall notify Seller in writing within ten (10)
days from receipt of the Contract Goods and before any part of the Contract Goods has been changed from its original condition. Such
notification shall provide detailed information as to the nonconformity or shortage and Buyer shall hold the Contract Goods for Seller's
disposition and afford Seller a reasonable opportunity to inspect the Contract Goods. Seller may, at its option, replace without charge, refund
the purchase price, or make a fair allowance for defects or shortages demonstrated to Seller's satisfaction to have existed at the time of
delivery. Seller may require the return of the Contract Goods to establish any claim but in no event shall Contract Goods be returned without
Seller's consent.

LIMITATION OF LIABILITY OF SELLER
In addition to the other limitations on Seller's liability provided for herein, in no event will Seller's liability to Buyer for any and all claims,
including property damage or personal injury claims, allegedly resulting from breach of contract, warranty, strict liability, tort, or any other theory
of liability involving this proposal or contract exceed the amount of the purchase price paid to Seller.

PRICE
1. Prices are F.O.B, point of shipment.
2 Oral and written quotations are subject to acceptance within thirty (30) days from date
3. Prices on equipment of Seller's manufacture are firm, provided it is shipped within the quoted and agreed upon shipment schedule. If

Buyer causes shipment to be delayed Seller reserves the right to invoice at Seller's price effective at time of shipment.
4. Any excise, sales, use taxes or other taxes imposed by Federal, State, or municipal authority and incurred by Seller applicable to the

material sold, shall be to Buyer's account and are in addition to the prices quoted, unless Buyer provides Seller with a proper tax-
exemption certificate. Buyer hereby agrees to indemnify, defend and hold harmless Seller from any taxes, fines, penalties and costs,
including altorieys' fees, incurred or paid by Seller arsing out of any such claim of exemption. This defense and indemnity requirement
snall survive this contract and any releases resulting from same.

TERMS
Terms of payment are in accordance with the proposed payment terms and are payable 30 days net from the date of invoice.
For late payment, Buyer is subject to a late charge of eighteen percent (18%) of the unpaid fees per annum (1.5% per month) or the maximum

allowed by law, whichever is less,
If Seller does not receive payment in full for the Contract Goods and any monies otherwise due by the due date then Seller may, at its option at

any time while the whole or any part of the monies due remain outstanding, take possession of the Contract Goods, or any part, delay or
stop future deliveries, and terminate this agreement, in which case Seller is entitled to recover any loss, including loss of profit, which loss
will carry interest under paragraph 2 of this Section.

Pro rata retainage fees or backcharges will not be accepted by Seller.
Buyer will be responsible for all expenses incurred from any collection proceedings.

DELIVERY
Delivery dates are estimated by Seller on the basis of the best available information and cannot be guaranteed,
Where Contract Goods are delivered in multiple deliveries, Seller may deem each delivery to be a separate contract, and no default or failure

by Seller in respect of any one or more installments shall vitiate any contracts with respect to Contract Goods previously delivered or
undelivered.
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Force Majeure - Seller shall not be liable for any loss or damage arising out of delay in shipment or delivery, or failure to manufacture, or
failure of equipment to operate, due to causes beyond its reasonable control, such as but riot limited to, Acts of God, Acts of Buyer, Acts of
Civil or Military Authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot, delays in transportation, car
shortages, and Seller's inability to obtain necessary labor, materials, or manufacturing facilities. In the event of any such delay, the date of
delivery shall be extended for a period equal to the time lost by reason of the delay and Seller shall be entitled to an equitable adjustment
in the sales price for increased costs incurred.

All risk of loss or damage to Contract Goods furnished hereunder shall pass to Buyer, F.O.B. point of shipment.
Seller reserves the right to ship all or any part of the Contract Goods from any shipping point of any of its sources of supply other than the

shipping point specified herein. Shipment will be made by the method or carrier deemed most feasible by Seller unless otherwise
requested in writing by Buyer.

GRANT OF SECURITY INTEREST
As security for the payment in full for the Contract Goods, as a condition of the passage of title to Buyer for the Contract Goods as provided for
hereunder, Buyer grants to Seller a first priority security interest in the Contract Goods, wherever located, together with all Accounts, Products
and Proceeds of any and all of the Contract Goods (as such terms are defined by the Uniform Commercial Code as from time to time in effect
in any applicable jurisdiction). Upon default in payment by Buyer, Seller may exercise all rights of a Secured Party as provided for by the
Uniform Commercial Code.

CANCELLATION
Cancellation of order by Buyer, or any part thereof, will riot be effective unless accepted by Seller in writing. Accepted cancellation will be
subject to a charge to cover all costs incurred to the date of acceptance, plus reasonable cancellation costs, plus profit on the completed work.

SUSPENSION
In the event Buyer suspends the execution of work, Buyer shall reimburse Seller for all costs incurred by Seller as a result of such suspension,
including, without limitation, all borrowing and opportunity costs. In the event the suspension exceeds 180 days in duration, in addition to being
entitled to full reimbursement of costs as aforesaid, Seller shall have the unqualified right to cancel the unfinished portion of the contract without
liability to Buyer of any kind,

GENERAL CONDITIONS
1. Non-stock Contract Goods made specifically to order are not subject to return for credit. Any portion of non-stock Contract Goods in

process of manufacture is not subject to cancellation. Any charges after manufacture has started could necessitate additional charges for
work done and material consumed.

2. Quotations are merely negotiations to trade and not offers to contract.
3. Seller reserves the right to correct any factory, engineering, clerical and/or stenographic errors or omissions.
4. Changes in design are made at Seller's discretion, Seller has no obligation to incorporate these changes in units manufactured prior to

the change.
5. It is expressly understood that any and all drawings, instructions, and/or technical and engineering services, which Seller may furnish with

reference to the installation or use of its Contract Goods, are furnished solely for the review and approval of Buyer and its engineers.
Seller makes no representation or warranty with respect to the accuracy or sufficiency of any such information and assumes no obligation
or liability for results obtained,

6. Waiver by Seller of a breach of any of these Terms and Conditions shall not be construed as a waiver of any other breach,
7. To combat corrosion, abrasion, or erosion, or operation at elevated temperatures, any such recommendations will be based on the best

available experience of Seller and the supplier of the material. BUT WILL NOT CONSTITUTE A GUARANtEE AGAINST THESE
EFFECTS.

11
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Best Available Control Technology Analysis ft

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream $120 HIW Melter Ofgas Unabated

Di rect Cosas
Puirchsed Equipment Costs

Equipment
Rcquired Ancillary Equipment
Instrumentation and Control
Preight

15% of Equipment
5% of Equipment

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

Total I.)irect Cost

Indireed Costs (lastallaiion)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below equipment size
$1,388/sf 66 ,4

Equipment Specific

I 0% of PEC
5% of PEC
10% of PEC

1% of PEC
15% of FEC

Total Indirect Costs

Total Capital Costs (TCC)

$382,316.00
$0.00

$57,347.40
$19,115,80

$458,779.20

$36,702.34
$64.229.09
$18,351.17
$18,351 17
$18,35117

$9,175,58

$165,16051

$20,000.00

S91.608,00

$91,608,00

S735,547.71

$45,877,92
$22,938.96
$45,877.92
$4,587.79

$68,816.88

$188,099.47

$923,647.18

Some: Modtrted fim EPA taedbook Cot Teh iefor laordlus Ar Pdh an (Juae 1991).
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S120 HLW Melter Offgas Unabated

Source: Modified from EPA Handbook Control rehnologisfor Hazanfous .ir Pollwanis (June 1991).
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Cost Item Facter Example Coxt

Direct Annual Costs
Utilities

Electricity $0.08/kWhr S5,000.00
Steam $6.00/1000 lb $0.00
Water $0,25/1000 gal. $0.00
Materials/Chemicals $52,01300

Operating Expenses
Operator $20/Hr 52 hr S ,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $100,000.00

Maintenance
Labor S I 7/Hr 24 hr;2 yr $204,00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Cosa

Overhead 6% of Labor Costs $840,00
Administrative 2% of TCC $18,472,94
Insurance 1% of TCC $9,236.47

Total Annual Costs (TAC) $187,166.42

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $94,451,62

Grand Total Annualized Costs ACI + TAC $281,618.04
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S74/S1 LPP LAW Melter Feed Evaporator

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below equipment size
$1,388/sf 89 Sf

Subtotal - Building (per highest applicable cost area) Equipment Specific

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total Indirect Costs

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologtes for lIazardou Air Pollutants (June 1991).
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Cost Item Basis Example Cost

S427,609.00
$0.00

$64,141 35
$21.38045

$513,130,80

$41,050.46
$71,838.3 I
$20,52523
$20,525.23
$20,52523
510.26262

$184,727,09

$20,000.00

$122J 44.00

$122,144.00

$840,001,89

$51,313.08
$25,656.54
$51,313.08

$5,131.31
$76,969,62

$210,383.63

$1,050,385.52
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table 1-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S41Z PT Vessel Vents Unabated

Direct Cost
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

equipment size
66 sf

Equipment Specific

$393,515.00
$0.00

$59,027.25
$19,675.75

$472,218.00

$37,777.44
$66,110.52
$18,88872
$18,888.72
$18,888.72

$9,444.36

$169,998.48

$20,000.00

$91.608.00

$91,608.00

$753,824.48Total Direct Cost

Indirect Costs (Installation)

Engineienng
Construction and Field Expenses
Start-up
Performance rests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

$47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,832.70

$193,609.38

$947,433.86

Total indirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Tehnologies for lkiardois Air Pollulanis (Une 991).
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table 1-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream $74/SI LPP LAW Melter Feed Evaporator

Source Modified frown EPA Handbook Control Technologiefor Hazardous Air Pofulansr (June 1991).
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Cost Item Factor Example Cost

Direcl Annual Coas
Utilities

Electricity $0,08/kWhr $5,000,00
Steam $6,00/1000 lb $0,00
Water $0.25/1000 gat $0.00
Materials/Chemicals $74,019.00

Operating Expenses
Operator $20iHr 52 hr $1,040.00
Supervisor 15% of Operator $156,00
Secondary Waste T&D Process Specific $1 00.00000

Maintenance
Labor S17/Hr 24 hr 2 yr $204.00

Materials 100% of Maintenance Labor $204,00

Indirect Annuai Costs

Overhead 6% of Labor Costs $840,00
Administrative 2% of TCC $21,007.71
Insurance 1%ofTCC $10,50386

Total Annual Costs (TAC) $212,974,57

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) 5107,411 81

Grand Total Annualized Costs ACI + TAC $320,386.37
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4, TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S41Z PT Vessel Vents Unabated

Direct Costa
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below equipment size
S1,388/sf 66 sf

Subtotal - Building (per highest applicable cost area) Equipment Specific

Total Direct Cost

Indirect Costs (installation)

Engineenng
Construction and Field Expenses
Start-up
Perfornance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Soune: Modified fron EPA Handbook Control Technologies for Hazardous Air Poiluants (June 1991).
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Cost Item Basis Example Cost

$393,515.00
$0.00

$59,027.25
$19,675,75

S472,218.00

$37,777.44
$66, 11052
$18,888.72
S18,888.72
$18,888.72

$9,444.36

$ 169.998,48

$20,00000

$91,608.00

$91,608.00

$753,824.48

$47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,83270

$193,609.38

$947,433,86
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S41Z PT Vessel Vents Unabated

Soarce: Modified from EPA Handbook Conirol TeChnologie$ for Hazardous Air Potlutants (June 1991).
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Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0,08/kWhr 55.000.00
Steam $6,00/1000 lb $0,00
Water $0,25/1000 gal. $0-00
Materials/Chemicals S52,01 3.00

Operating Expenses
Operator $20/Hr 52 hr S1,040.00
Supervisor 15% of Operator $156,00
Secondary Waste T&D Process Specific $000

Maintenance
Labor S1 7/Hr 24 br/2 yr $204 00
Materials 100% of Maintenance Labor $204,00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2%ofTCC $18,948.68
Insurance 1% of TCC $9,474.34

Total Annual Costs (TAC) $87,880,02

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 01023
Annualized Capital Investment (ACI) $96,884.03

Grand Total Annualized Costs ACI + TAC $184,764.05
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TCI-T12 DST AN or AW 70% HR
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233,945
This s sent to the 'TCl Adjust Sheet as the

252,661 equipment value.

This is the total TCI for all tanks, based on the
number of installations and the TCI valtes from the

1,544 539 TWI Adjust' sheet,
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3 134-__________ -______
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TCI-Tl2 DST AN or AW 70% HR TCl-T12 DST Recup TO-VOC

0,...rIn~ d

Ni ii I 'C i

Iv .

Iit AInU, t

19.0

ANNUAL COSTS

l v

S0.000

2 3k2 6,58
27,802 0,058

115,089 0.239
0.022

33,362 0.069
61782 011281

205 975 0.427

482,312 1.000

etl+s hisl
CL'IA'C'C'I Vstavu ~ Ar Porl ion Cnrl C'st Olex Cr Tema

Ovf'dC( 1'!1I1Acc naen

t.nd), yd fr

Total Unabated VOC Emissions
Emissior ControlEficency
Total Abated VOC Emissions =

Cot-fecivnss on =

Heat

0.35
0.00

CC0_,4ect
507,483
507483

514113
547.353

TCI
1,544,539
1544,I539

1,238,126
1,044,408
663548

For AN or AW ndividualy

$ 504
$5748

Total
Annual Cost

482,312
482,31
481,479
488,706
520,204

Annual VOC
Reduced,

tons
0.9504

0.9504
0 9504

0184

0.555

1.000
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TCl--2 70% HR AN or AW TC T12 DST TO-All TAPs
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Fuel Innut (MMBtuh) LHV Basis

2.80

0
C
0

1..~J70 254

170 254

This is sent to the 'TCl Adjust sheet as the
252 757 equipment value.

This is the total TCI for all tanks. based on the
number of installations and the TC values from the

1,545 126 "TCt Adjust" sheet.
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From series in Chemical Engineering by
C mVatavuK/EPA for thermal oxidizers,
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TCl.T 2 70% HR AN or AW
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Appendix 1-C Adsorber Costs
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NUCON International, Inc
7000 Huntley Road
Columbus, OH 43229

Phone: 614446-5710
Fx: $14-431-0858

www.nucon-intcom

QUOTATION/PROPOSAL
Proposal No.: 12328
Attachments: Vessel Description

Adsorbent data sheet

Name- Phone:

Date:
Exp. Date:

Fax:

12 Apr 10
12June 10

Email:

Conipany: Columbia Nuclear International LLC
Address:

Ref Description 1y Unr Price Total Price
Adsorber vessel per attached description with 11,000 lbs
of NUCON MERSORB 3 Mercury Adsorbent lot $247,000 $247,000

S Terms: Net 30 days
Shipment: 20 weeks after drawing approval
FOB: Columbus, 011-_

4 +

-t

-t

Please Contact: Joe Enne Pjhoni

-~

e Ext.: 111

Total $247.000

Emnai:jo9enn'king snucon nt.com

Form: FP-24 (2004-11-10)

Page 63
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Date. 24-Feb-10

NUCON International, Inc.
7000 Huntley Road, Columbus OH 43229

Phone: 614-846-5710 FAX: 614-431-0858 Internet: www.nucon-int.com
Preliminary Design for a Vertical Adsorber with ASME Flanged & Dished Heads

Client: Hanford Hg Adsorber

Fluid Properties:
Fluid flow rate, lbhr
Fluid pressure, psia (Ref only)
Fluid temp., *F (Ref, only)
Average mol. wt.(Ref only)
Viscosity, Centipoise
Fluid actual density, Ib/cu ft
Compressibility factor (Ref. only)
Dew Point, 'F (Ref only)

Vessel Design:
Material (CS or SS)
Diameter, ft
Design Temp, 'F
Design Pressure, psig
Corrosion allowance, in.
Joint efficiency

Activated Carbon:
Pellet diameter. mm,
Carbon weight, lb
Carbon bulk density, lb/cu ft

Calculations:
Inlet & outlet nozzles, in,
Carbon volume, cu ft
Carbon depth, ft
Carbon depth. in.
Design stress, psi
Shell thickness, in
Head thickness, in
Cylinder length, inches
Over all vessel height. ft
Total steel weight lb
Flow area, sq ft
Superficial velocity, ft/min
Superficial velocity. ft/sec
Total Flow,acfm
Mass velocity, lb/hr/sq ft
Empty Bed Contact Time, sec
Delta P, "WG/ft
Total Bed Delta P, "WG
Total Bed Delta P, psi

9150
14.7
167

28.966
00209

0,050754

50

ss
10,0
200

15

1

3
11000

35

14
314
4.0
48

16700
3/16
3/16

90
10,9

3969
79

38.26
0 64

3005
117

6
0,66
2,63
0,10

- - -

- -i

-sstLamVC:U H I m)T i

All Dimensions in Inches
CB= 48
DR = 120
HT = 3/16
ICR 7 3
ID= 120
OAH= 131
SF = 1 1/2
SS = 90
ST = 3/16

Beta Version 1 07

Page 64
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PRO ECT ' Rl ESPON SI I T IY Proposal 13238

The flk diing project responsihility imatrix is the basis [Or th is
changes in scope mnay restlt in price adjustinemets.

proposal. Any

RESPONSIBILUTY

ACTriVITY NUCON CLIENT

5.1 ENGlNEERING AND DESIGN

5.1.1 Verificaion of, i design (ala - operational lo w riates. X
adsowbate compositions, etc.

5.1.2 Equipment specifications X

5.1 .3 Electrical engineering N/A

5.1 Fire protection & saciy engineering X

51.5 Process engineering x

5.1.6 Mechanial engineering X

5.1.7 Insulation specilications X

5.1.8 Sollware validation (when required) N/A

5.1.9 Process review of vendor drawings X

5.1.10 Dimensional review oF vendor drawings x

5.1.A 1 Sadety review (pre-shipment) X

5.1.12 Control system engineering N/A

5.1.13 1 leat and material balance low sheet N/A

5.1 4 Design criteria X

5.1.15 Instrument loop diagrams N A

5., 1. 16 Piping and instrumentation diagran X

5.1.17 Construction drawings (civil and foundation) X

5. .18 Demolition drawings (civil and foun(ation) X

5. 1.19 Drawing revisions and updates x

5.1.20 System layout drawings x

5. 1.21 Equipment arrangennts drawings x

Page 65
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RESPONSIBILITY

ACTIVITY NUCON CLIENT

5.1.22 Process low d(iagrais x

5.1.2: Piping scidle (1Cine iist) X

5.1.2 4 Instrument specilication NA

5.2 PRO(CIUAI<MENT'

5.2.1 Process c(pliplient procurement x

5.2.2 Process Saleiy equipIent protCIremet N A

5.2.3 Shop inspecion x

5.2.4 Rceivingstorn ing/warehousing x

5.2.5 Expediting X

5.2.6 Fire protection eq(11ipment procuremient x

.2.7 hIandling and distribution ot vendor drawings X

5.2.8 Spare parts x

..2.9 Quality Assurance X

5.8 FIELD CONSIRUCTiON

53. 1 Site studies and repa)ration x

5.3.2 Demolition X

.3.3 Construction speciicalions x

53.4 Construction contracts X

pr..5 Equipment/materias protection x

5.3.( Insulation shop installed at NI'CO()N X

5.3.7 Itinsulation lield installed on-site X

5.3.8 Field construction Imnaagiemint and super vision x

.).9 Feld inlspectionI X

.3..10 ( n-slit space and serv ices Ior NI 'C(.)N IsoPlag 6

Page 66
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RESPONSIBILITY

ACTiVITY NUCON CIENT

5.A Ufl liiES

ALI1 leTrical power x

3.2 MCC X

5 1.3 Steam ( Not applicable this PIrOSaW)

5A.1t Cooling water x

. C hilled water x

5. .6 Plant comprcsscd air X

1.17 1strllmcn air x

5.1.8 Nitrogen X

1.41 Process Control Conputer NXA

5.5 PR(JECT CONTRO. & MONITORING

5.5.1 Project management x

5.5.2 Schedlding x

5.5.3 Progre ss/status reporting x

5.6 OPERATIONS

l.6. Cominissioning T1ch ical Assistance X

5.6.2 Start-up Telchical Assistance x

5.6,3 Pre-operational safety check X

Page 67
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NUCON International, Inc.
P.0. BOX 29151 7000 HUNTLEY ROAD

COLUMBUS, OHIO 43229 U SA.

TVPICAL APPLICATI

RAW MATERIAL:
ACTIVATION ME 11101):
PARTICLE TYPE:
IMPREGNANT:

PHYSICAL PROPERTIES:

TELEPHONE: (614) 846-5710
FAX: (614) 431-0858

WEB SITE: www.nucon-intcom

Technical Data Sheet:
MERSORB'-3 (2005/03)

NUSORW MERSORBKt3

ONS: Mercury control

Coal
High Temperature Steam
Pellet
Sul lur

APPARENT DENSITIY
HARDNESS
ASH
MOISTURE CONTENT, as packaged
PAR TICLE SIZE.
CA RBON TETRACIILORIDE ACTIVITY
SULFUR CONTEN I

(AST V D2854)
ASTM D3802)
(ASTM D2866)
(AS TIM D2867)

(ASI'M D3467)

0.55 g/ml, TIpical
98 % Typical
10 wt % Typical
5 % Maximum
3 mm Diameter
60 % Minitum
13 % Typical

Additional ASTM or custom testing available on request

PACKAGING: Square fiber drums (150 pounds) or "tote bags"(1,000 pounds)

Information herein is accurate to the best of our knowledge. User should determine the
,uitability of the product for the intended use; liability consists of replacing product.
NJCON INTERNATIONAL, INC., does not suggest violation of any existing patents or
give permission to practice any patented invention without a license.

For addfilional inyormation contact:

NUCON International, Inc,

7000 Huntley Road, Columbus, 011 43229, USA

Telephone: 614-846-5710 FAX: 614-431-0858 www.nucon-int.con

Page 68



Pressure Drop Curve for All NUSORB® Grades of
1.5 mm, 3mm and 4 mm Diameter Pelleted Carbons

-- 41

These curves apply to all Nusorb grade pelleted carb
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24590-WTP-RPT-ENV-01-OO5, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber
Stream Sl20 HLW Melter Offgas Unabated

Cost Item Basis Example Cost

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment ($ 10/cfm)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see coat factors below
S 1,388/sf

Equipment Specific

Total Direct Cost

Indirect Costs (Installtion)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indireet Costs

Total Capital Costs (TCC)

Source: Mod ied from EPA Handbook Confrol Trchnologies for hazardous Air Pollutants (JJne 1991).

Page 8-58

Page 70

S I,977,962,00
S23,000.00

$296,694.30
$98,898.10

$2,396,554.40

$191,724.35
$335,517,62

$95,862.18
$95,862.18
S95,862.18
$47931.09

$862,759.58

$20,000.00

$72.176.00
equipment size

52 sf

$72,176.00

$3,351,489.98

$239,655.44
$119,827.72
$239,655.44

$23.965.54
$359,483.16

$982,587.30

$4,334,077.29
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24590-WTP-RPT-ENV-01-OOS, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TRACT Control Technology Cost Estimate
Activated Carbon Adsorber
Stream S120 H LW Melter Offgas Unabated

Cost item Factor Example ost

Direct Annual Costs
Utilities

Electricity S0.08/kWhr $0.00
Steam $6,D0/1000 lb $0.00
Water $0.25/1000 gal. $0.00
Material s/Chemicals Process Specific $0,00

Operating Expenses
Operator $20/Hr 521 hr 1.040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 184 cf/yr x $129 24/cf $23,780,16

Maintenance
Labor S 7/Hr 72 hri2 yr $612.00
Materials 5,520 lbs/yr $5,520.00

Indirect Annual Costs

Overhead 6% of Labor Costs SI,084.80
Administrative 2% of TCC $86,681.55
Insurance 1% of TCC $43,340.77

Total Annual Costs (TAC) $162,215.28

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) S443,200.21

Grand Total Annualized Costs ACI + TAC $605,415.48

Source Modified from EPA Handbook Control Technologiesfor Haardous Air Pollwanis (une 1991).

Page B-59

Page 71
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24590-WTP-RPT-ENV-01-0O5, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber
Stream S74/$I LPP LAW Melter Feed Evaporator

Direct Annual Costs
Utilities

Electricity
Steam
Water
Materials/Chemicals

Operating Expenses
Operator
Supervisor
Secondary Waste T&Dt

Maintenance
Labor
Materials

Indirect Annual Costs

Overhead
Administrative
insurance

$0.08/kWhr
$6.00/1000 lb
$0,25/1000 gal.
Process Specific

$20/Hr
15% of Operator
296 cf/yr x S129.24/cf

$17/Hr
5,520 lbs/yr

6% of Labor Costs
2% of TCC
1% of TCC

Total Annual Costs (TAC)

Rate of Return on Capital Investment
Service Life (years)

Capital Recovery Factor
Annualized Capital Investment (AC)

Grand Total Annualized Costs

10.00%
40

0,1023

ACI + TAC

Source: Modified from EPA Handbook Control Tkdlnologiesfor Hltardous Air Polliaanu (,une 1991).

Page B-197

Page 72

Cost Item Factor Example Cost

$0.00
$0.00
$0.00
$0.00

52 hr

72 hr.2 yr

S 1,040,00
$156.00

S38,255.04

$612.00
$10,000.00

$1,084.80
$115,524.16

$57,762,08

$224,434.08

$590,671,66

$815,105.74
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S41Z PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment (S 10/cfin)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Subtotal - Building (per highest applicable cost area) Equipment Specific

Total Direct Cost

Indirect Costs (lnstallafion)

Engineering 10% of PEC
Construction and Field Expenses 5% of PEC
Start-up 10% of PEC
Performance Tests 1% of PEC
Contingencies 15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Sourcee Modified from EPA H andbook Control Technoiogiet for HUmardou Air Polutane; (June 1991),

Page B-140

Page 73

Cost Item Basis Example Cost

S2,128,949.00
526,000.00

$319,342.35
$tQ06,447.45

$2,580,738,80

$206,459.10
$361,303.43
$103,229.55
$103,229.55
$103,229,55

$51614,78

$929,065.97

$20,000.00
equipment size
52 sf $72,176.00

$72,176.00

$3,601,980.77

$258,073.88
$129,036.94
$258,073.88

$25,807.39
5387,110.82

$1,058,102.91

$4,660,083.68
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S41Z PT Vessel Vents Unabated

Source: Modified from EPA Handbook Control Technologies for Hazanious Air Pollutans (June 1991)

Page 74

Cost liem Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $0.00

Steam $6.00/1000 lb $0.00

Water S0.25/1000 gal. $0.00

Materials/Chemicals Process Specific $000

Operating Expenses
Operator 520/Hr 52 hr $1,040.00

Supervisor 15% of Operator $156.00

Secondary Waste T&D 208 cf/yr x $129.24/cf S26,881.92

Maintenance
Labor $17/Hr 72 hr/2 vr 5612.00
Materials 6240 lbs/yr $6,240.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80

Administrative 2% of TCC $93,201.67
Insurance 1% of TCC $46,600.84

Total Annual Costs (TAC) $175,817.23

Rate of Return on Capital Investment 10,00%

Service Life (years) 40

Capital Recovery Factor 0.1023

Annualized Capital Investment (ACI) $476,537.43

Grand Total Annualized Costs ACI + TAC $652,354.66
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Appendix 1-D

Wet Caustic Scrubber Cost Estimate
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24S90-WTP-RPTT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TUACT Control Technology Cost Estimate

Wet Caustic Scrubber
Stream S9v1i17 PT LAW Evaporator Ofrgas Unabated

Direct Cosiv
Purchaed Equipment Costs

Equipment
Required Ancillary Equipmet
Instrumentation and Contro
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

5% of Equipment
5% of Equipment

8% of Subtotal PFC
14% of Subtotal PEC

4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

Equipment Specific
see cost factors below equipment size
$1,388/sf I S ;f

Equipment Specific

Total Direct Cost

indirect CaLs (Iiastaladoeo)

Eingineering
Construction and Pield Pxpenses
Start-up
Performance Tests
Confingencies

10% of PEC
5% of PEC
10% of PEC
I% of PEC
I5% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Sourm Moded ftmr EPA Handbook CodW T(JuolnMi 4f- xont .4u' 6Joe 1991)

Page 8-284

Page 78

Eanple Cost

$S552,000 00

$82,800,00

$662,400.00

S52,992 00
S92,736 00
$26,496 00
$26,496.00
S26,49&00

S238,464,00

$20,000.00

S24,9"4,00

S24,984.00

S945,848.00

$66,240.00
$33,120.00
$66,240.00

$6,624.00
599,360.00

$271,584.00

$1,217,43200

1 11- .1 - I
Coo fito Basis
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2459G-WTP-RPT V01-005, Rev. 0
Best Available Control Ted1nology Analysie for

Toxic Air Pofiutrnts for the WTP

Table R-4 TBAC'T Control Technology Cost Esti ate

Wet Caustic Scrubber
Stream 59vS17 PT LAW Evaporator Otiti Unabated

S&re Modified Omi EPA Hatdbook Connot (Jrne 1990

Pane 8-285

Page 79

Dired Annul Cos
Utilties

EV -, rcty $0 0/kWhr 5000
Stearn $6.0011000 lb 0

W r S251000g,00
S $25,00(00

Operatng Expenies
Operator $20iHr 52 NN $ 040 00
Sporisor 15%o Opratig $156 

Secondarv Waste T&D Process Speic S000

Maintenance
Labor S17Ir Z4 hr:2 r $04 00

Materials 100% of Mamtenrwnce Labor $204,00

Indirec Annu#J Coso,

Overhead 6% of Labor Costs $840,00
A dmristrative 2% of TCC 24,34864
Insurance 1% ofTCC S12,17432

Total Annual Costs (TAC) $69,6696

Rate of Retun on Capital Investment 10.00%
Servicc Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investmet (ACI) $124,49189

Grand Total Annualized Costs ACI + TAC $193A60.94
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24590-WTP-RPT-ENV-01-OO5, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TRACT Control Technology Cost Estimate

Wet Caustic Scrubber
Stream S41 PT PJW/RFD Offgas Unabated

E X anple Cosi

Direct Cosa
Purchased Equipment Costs

Equpment
Required Ancillary Equipment (heat xers. quench, etc.)
instrumentation and Control 15% of Equipment
Freight 5% of Equipmcnt

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling& Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subt ata PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1 .38&Isf

S1,224,O0 00
$Ut 00

$1,43,600 00
$_l.20000

$1,468.800 00

$117,504 00
$205,632 00

$58.752,00
$58,75200
S58,752 00
529376 00

S528,768,00

equipment size
36 sf

$20.000 00

549,968 00

S 00
$49,968 00Equipment Specific

Total DIrect Cost

Indirect Costs (Instfateion)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total ladirect Costs

Total Capital Costs (TCC)

sourre Mbdifiwd fhm FPA Handbuok CcnOtm MTe og le lazardous Air r PudSan Jurn 1191

Page 8-136

Page 80

$2,067,536 00

10% of PEC
5% of PEC
I0% of PEC
1% of PEC

15% of PEC

$146,88000
$73,440.00

$146,880.00
$14,688.00

$220.3 20.00

$602,208,00

S2,669,744.00

ff
Cost Item B asis



p tver
SprotectiolL RPP-ENV-46679 Rev. 0

24590-WTP-RPT-ENV-01-005, Rev, 0
Best Avalable Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Wet Caustic Scrubber
Stream S41 PT PJM/RFD Offgas Unabated

Direct Annual Cas&
Utilties

Electricity
Steam
Water
MaterialsiChemicals

Operating Expenses
Operator
Supervisor
Secondary Waste T&D

Maintenance
Labor
Matenais

$0.08/kWhr
$6. 01000 lb
S0.25/1000 gal,
Process Specific

$20/Hr
15% of Operator
Process Specific

52 hry

SI7/hr 24 hr2 r
100% of Maintenance Labor

InadIrect An&uwj COMs

Overhead
Administrative
insurance

6% of Labor Costs
2% of TCC
I % of TCC

Total Annual Costa (TAC)

Rate of Return on Capital Investment
Service Life (years)

Capital Recovery Factor
Annualized Capital investment (ACO)

Grand Total Annualized Costs

10,00%
40

01023

ACI + TAC

Sotwce Mc4itied lom EtPA Hndlk COV14 rAk vi Hirrifousv Air Pofitian (Jeir 19I)0

Page B-137

Page 81

Factor Example ComtCnst Item

SON)

$1.040.00
$156.00

S0 00

520400
$204,00

$840,00
$53,394 88
$26,697,44

$142,536,32

$273,006,46

$415,542.78
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Appendix 2

MERSOB® Mercury Adsorbents NUCON Bulletin 11B28, August 2004

Page 82



r n r
Sprotectiof RPP-ENV-46679 Rev. 0

NUCON international, Inc

CL
MERSORB* Mercury Adsorbents

Design and Performance Characteristics

I
MERSORB4-1,5

MERSOR84-3
MERSORBI-4

MERSOR*-LW
MERSORB-LH
MERSORB#f-T
MERSORS*-CR

NUCON Bulletin 11828 - August 2004

NUCON International, Inc
7000 Huntley Road Columbus, O 43223

Phone; $14446-5710 Fax: 614431-0858 http: www.nuconintcomn
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NUCON International, Inc MEREORB*
Mermury Adrorben*s

70N Huntly Road - C4mjr, OH 43220 BuNVIn 11823
Ph: *14844710 - Fx: 144314.N - www nuoonr-mn Auurt 2004
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NUCON Int
700 Hunrty Rod - Coaa
PW e14-a471 0 - Fx: 14.4

BACKGROUND

emational, Inc
sm 0M 426
I-Omt w- *Vooinnntxm

MERSORME
Mroury Adsobtie-;

Sutatin 111212
Augwt 2W04

Memury is a historically irportant and usef. -:-srai -natenal Memury and mercury
compounds hawe been usec for thousrs of as pigments in -ks (ra--x red
s. de), as a s to early ,etaOkgy gOding L and nstruentaton ithermometeqs,
barometers'k

Mercury is te only metalic element that is liquid at ron tenature. i is present
tnrek4out the earth.

Mercury is toxic w.- human ingeston an exposure must be prevated. When present 3n
industnal process fuids, mercury causes corosion and should be remved to prolong the life
of the equipment.

Mercury has lo vapor pressure and low so .y Therefore, any mercury removal process
must be effectve at very cw coroentrat ons. Adsorpton is su:h a .rocess. Unimpregnated
acwvated carbon s a far aosiorbent or rmercury L-t rts capacity is sg ficatly noreased by
impegnatio with a materA that chemica y reacts w ah, ax holds, the mercury. The clhice
of mpregmnt is dictatec by the process condMitions ar- the corrositor o; the f,. Srg of
adsorion equpient s cetenwined by the flow rate of the fluid sream and the desrec
operatonal ffe of the adsorbent

This bulletin describes NUCON' products and processes for control of merciy and -s
compounds
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NUCON International, Inc MERSORBp

70M HurTttuy ROad - CoWTmIk OH 4=29 81j-t 11 1,182
Ph: -14-46-710 - Fx: 144314XO8 - www. nuo-4intoom AUt 2004

INTRODUCTION
Mercury s used in many industrial processes a*- products including.

a As the cathode n 'e generation of chionne by electrodysis of c de salts,
.a Manufachure of battees,
a Catalysts,

:Speciaty chemnicals,
i Fung~ides.

. Electronics manufactre-rs use mercury for swihes ard rreasurn instrumrents-
Mercury is present in t--escent lam ps, h gh Itens ty la rrs and LCD cmnpuer screens

Mercury s hazaroo'-s. The Thresrd Lir -t Values-Tire Alehted Average (TLV-TW4A,
established by AGCH, is 0 05 .g neiy per cubic meter a.r.i The typical concentr*A& ',

rmercury found - urban air is 00I00007 mg mercury per cubic meter, - remote and ruraI
areas 4 ,s approxmrately 10% of that level Tnese leveos are considered harrn-ess :ecause
t-y are 10 milion times less than the TLV. However in some industnal e-vwronments
corcentations as gh as 5 mg per cub< meterof ajr have been measured. This levelis '00
t ies the TLV

Many petroleum products contan mercry. A number of tests have been made to dete-rmne
the concerAraton of mercury in natural gas spes in vanous parts of the U S. Locatons i
South Texas have shown concenratons narpng from 0.002 n'Vm to over 4.5 mgdn9.
Mercury is alsC present !- condensates from other parts of the world sidh as Indonesa and
North Africa
The e;st gasesfrom waste ine-erators and coa buming power plarts contan mercury. It
is estirated that half o the global emissions of meravy come from fossi 'uel combuston
Alth~g, te total quanrtty enmrttec by waste incinerats is less the corentations are much
higher.

Mercury-ccrtaining waste has contanrrated soil a: water. Materials contaning mercury are
sometines stored in larefilIs -at are not competely isolated -rom the surrounding
enironmert
Mecury can arralgarate wh metals used in process equipment causig cerros~o and
fa ps Thereore, natra gas processing and -ue-'ation plants tse mrerouy adsorbents to
protect their 'co-- box, -eat exchangers It is a poison for some catalysts used n
hydrocartco process.g Catalysts are protectec in some ethyene plants, synthesis gas anr
siearr reforniNg urts a-- for "yogen and amrionia producton
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NUCON International, Inc
70M0 Hey Road - Cotwz*5t OH 4M
Pt: *t144*4710 - Fx: 914-4314M - ww mwon-lrtoom

Mercury AdIoirnts
Aw t t! i 1B2*
A -g jmt 2,0"0

PHYSICAL PROPERTIES
General physra properties are shomn in Table 1

Table 1- Physical Properties of Mercury

Jdubdty - water
Saturaton cne rato, 20 C
Meitng pcrt
EBding pt
Densaty
Molecular Weigt

0.064 mg per fliter
14 mg per cubic meter air
-38.9" C
356.6* C
135 g per ml
200.59

The solubility of mercury in hydrocarbon Iqids at room teneralure is show- in Tatie 2i5

Table 2- Solubility of Mercury in Organic Liquids, mg/liter

Heptwn*
Benzene
iso Octane
lsopropyl Ether

1.3
2.4
0.8
1.0

Typically, the solubi-y of m*rcry in hydrocarbons is ten bmes greater than in water Since
soie geckgic foraixons contain both liquid merct.y L-d hyd:ccarbons, the natural gas and
hydrocatbon liquids reco.ered can hae very high mercury contert
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NUCON International, Inc Mernury Adz-orbtrts
70M0 Huny POWd - Coluartu., OH 43= B-ttn - 1 23
h: 4-4464710 - Fx 1444i14WR - wwrmxm mtoom g 20

CONTROL METHODS
Most merry Won-o te&- es use arsoet s 1,plain or ipregrated r some -o-n Te
high sur'ace area of the adtes atradcs the mercury and facI tates physc adsorpiton cr
c~eremcai reacto. The most commcr base r-atera s actvate carbor -pregnants W e
t-osen for surtabdty 1 a p:rticular environnmnt.

NUCON Interational, <c. -UCON has deve*ped the MERSORB*am.4y of adsorbents for
almost every type of mercury removal apphcanon.

Forprocessing natura gas, hydrocarbtcaliquids, ansmax airstreams, xedtedsC q--e
MERSORBU sorbents are used. Even t g the adsortents are opimized "or maxmum
rrass trrs'er rates the relatively sicw econ rate o'the mercury vpor wh the nprernt
requires a Ieatively long residence tme The amct of adscren t requred to achieve-
rerroval efficiency uill gewriy give a very Ig servce 'e

When rercury is present at very low concentrabtons in relatvefy large gas streams (suh as
effluent gases '= coai 'ired power z 3ts or waste incinerators), powdered adsorbents can
be used. The powdered adsorbents car he -.- ted rAo the gas strean and, after an
appropnate resdence time, frered out in a cust collector Tests have shown vanous degrees
of effecdveness,

GAS PHASE APPLICATIONS
Vanous d_7usion processes cont-1 the rate of mercay -emova by mpregnated cators.
Bulk diuson to the surface of t-e -article pore deston, and reactant and reacton-product
diffus-rc the deositec irpreqant layer all affect performance. NUCON base adsc tze-ts
have been seected f ier opt ized -zre structure.

MERSORB* adsorbents:
" Are we4 suited For protect"g catalyst beds and alumnum heat exchangers
" Remove mercury from process-gas streams-
* Have high capacity and removai efficncy. and low-pressure drop.

MERSORBS is a registered traderark of NUCON lnterational, Inc.
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NUCON International, Inc
7MHtyRoad - C u OH 4321
Ptu $14-844710 - FE i14.431868 - www rwon-room

Long-Term Laboratory Tests

Mefoury Adcorbe.ivu
B tAug iiB2O5

Auwt 2004

Mecury rercoal efc eny and adsarpto capavty testng -s in ra:oa.ve mercury, have
been per'ormed in :e NUCCON radicisotope ±c-ratory Lising

The test parameters were:

Gas
Temperature
Bed Diameter
Bed Depth:
Partcle Size:
-et Conceration:

Pressure:
Linear Velocity-

Air
30' C
29 -m
15- m
3 mm pellets
32 mg Hg.,m air
1 0 ATM
3 ft.min.

Tests were conducted using so( bed segments, each teng 25 mm deep and 25 mm
diarmeter.
The radact 4e sotope cettent of the sarples of gas bteween the segments was analyzed
at penodic lr-erals. The results of the tests for nercury removal ir ar re shon -n Fgure
1.

too

j
a.s- a C

6d 20 1 2 40 300 Sdo 420

Tim 0, days

Figure 1 - Mercury Removal Efficiency from Air
at Various Residence Times
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NUCON International, Inc
700 Hey Rnad Cou&tfg. OH 43-
P: 4.44714 - F: 414431,-W-3 m rwnonAntoom.

MERSOIRB
Mefoury Ad orb.nts

B13eIln 11828
A ug-t 20*4

Smi Iar tests for rnemrury rem fva e:iency and caxi-ty from naturi gas ave a4so been
performed. The test parameters ,ere the same as in 'e aar tests. Results are shown -
F gure 2.

100

so

86

B0

76

0

R * Gdf4#n& Tim*e

-0-6.6 4*0.

,010 COD.

am nP41101 a

s0 120 18 240 300

Tima, days

Figure 2 - Mercury Removal Efficiency from Natural Gas
at various Residence Tines

For bc ar and -atural gas, ve- the gas stream is saturatec w-th rneroy, a 1 D-seco
resdence tme s recommnended to ac- ve complete -eqnoval of e mercury. At these - :I
concenratiors, MERSORB' adsorbent rernovec 100% of the nerry for over oe year I1
most conmerca applications the newrny concentrat on s oy a fraction of the saturat on
level, and the 1fe of the MERSORB adsorbent is tyvcally sever years.

An attemate appoach car be usec f removai e-Tciencies of less than 100% are acceptable.
A smaller bed wl give adequate performance 'or a sighby shorter erod of ime For
e xampie, a 5 second resdence te provided 24- cays ,fe at effc ie s ative 95% in t e
natiua gas tests -F re 2 Sinar y, at low rercu-y co-cent-atons, 1C,% removal ca- oe
aci eved at less than '0 seconds residence tine.
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NUCON International, Inc
0HUAyRoad - Ciutmus, OH 43MS

Ptt AI4J4W-IO - Fx: f14431-061 - wwwk*=ne-4tooni

Adsorption Capacity

MER SORS"Z
Voroury Adsorbor

BSulttn 11821
Auguct 2004

T-e theoretic.* equilibrum adsorpton capacity of MERSORBU pellets s 85 g 1 DO g
MERSORB' adsorbent Ho reve -t ;s rnpractcai to reach that level n comrercr
appfcarions A ex-rmy long -ae be required to cbtar a fon of the mercui nto
t'e adsoIxnt a for tee C-& Iczn con.ersion to take plam In the Degr of e mass
trseasfer zone te amount adsorbed s ahways "ess tvr the saowm -yrame asorpti-
capacity data -or te extended aynarn' adso'ption tests are srown Tae 3

Table 3. Dynamic Adsorption Capacity of MERSORBWF3 mnm Pellets

Air

407Test Duraion, days

Bed Segment No.

3
4
5
6

23
19
15
15
14

0-3

While Bec Segnent No. 6 adsorced a snall
breakthroug Trn the bed at t&e end of the t

Natural Gas

365

Adrount Adsorbed,
g Hg100 g MERSORBO

31
20
19
14
12
0.3

amnount of rrmercury there was no detectae
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NUCON International, Inc
7000 Htsiby Road - Cd 4w OH UM
P: t14-44471* - Fx: 914-4314368 - wwwmon-fintoom

Particle Size Effects

MERaOR W
Waroury Adsorberft

Bule tin 11B22
Ai1Cjt 20Q4

T-e part e size of the MERSORB" adsorbent affects several cperating paranrters. Data
c-enming the to mst important crftera perfornance and pressure drop, has been
developed

Performance

Inr dynamoc p mr-rance of small p-urtde size adsorbents s always bEtterutanr forthat of
largersizes. Fgre3 tre ne nperormarnce between MER SORB 1 5 mnn and
3 rnm r- ets. These tests were conducted using air saturated Wth merc-zy at 30'C. The test
bed cmensions e 25 mm diareter by 25 mr long.

100

E
&

as
85
so
75

70
7 14 21

Time, days

Figure 3 - Effect of Particle Size on Mercury Removal from Air

The ddierenoe is very noticeaz-e at short resdence trnes. The ' al fecency for .5 mm
pellets at 1 67 seconds resmeice tin, is *-, while *or 3 rrfn it is around 93%-
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NUCON International, Inc
70M Hunty Road Chigs OH 43-
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Pressure Drop

MERSOR B
Merouly Adcobemc3

BJUetin 1125
August 2004

he pressure drop through, a packded d ncreasesi' aspaticeze decrsases. Pres-e -- 7 drop
c ves for MERS O RB' e ets at atmospheic pressure are shi in Figure 4

Figure 4 - Pressure Drop of Air Through Packed Beds

0

0

I
0~

10.G9

0.14

0.01

3C e0
0

3 MM
4 MM

1 10 100

Superficial Velocity, feetlrinute

Natural gas processrzg is -rrnalty dcne at high 1:ressure, Fow sistance for a typical
operatng pressure is shron in Figure 5.
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NUCON International, Inc
7ON0 H s Rod - Cta ON *3=*
Pft: 14.8464710 - Fx: 614431-4OSS - w jumwn-nr*om

MERSORSV
Ueroufy AdsorbeAit

Bultetin 11828
August 2004

Velocity Effects

1-

d

L.1b

a,

8.01
1000 2000 30 40*D 5000

Natural Gas Flow Rate, lbsthrlsq ft

Figure 5 - Pressure Drop Through MERSORB@ Pefleted Adsorbent
NUCON ran laboratory tests on 4 men MERSOR B' p4lets sng two drlerent gas veloates

4th te e: depth of 12 inches. The comparative results after 33 ays of testing are shci
in Table 4

Table 4. Effect of Velocity on Dynamic Adsorption

Removal Efficiency %

Residence Time, see

1 f7
333
5 ,))

3 ftrn

42.8
80.3
90.7

6 ftinin

58 A
88 7

1GO 0

Renoval eficency is generaiy Peoreived as a 'unction of the residence te. Hcwever, at
higher superfoal gas velocly, the removal effciency at a given resdence tirr irnroves coe
to fzvorabte cdius ion effects.
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6.j NUCON International, Inc
7D0 Huntly Road - C:4u r, OH 43M
PCt P1#14404710 - Fx: 414-al1-M - wwwnuon-ant~tem

Temperature Effects

MERZORSV
Mro Uy A4 cfbents

BrIneen 11828
Acqust 2D04

Operation o'mersc y reoval systems at high tenmratures is soretirres necessary There
are tw mjor effects _n perfornance al elevated termeratures The s Iur irpregnant
can:

* Vapo.ze in inert atmospheres, or
* Oxidize in air atmospheres-

NUCON uses a unique manfactunng method to make the MERSORB* suur-inpregnated
adsc-bents. The result is a product that ret,-s the impregnant better at hign operatg
temperatures i e adsorbents manuacued by cahers Thermiogavmetc ana-ysis oathe
NUCON and conptitve product -as substantated ts fact-

The results of thernmogravmetrc anrys of sampies of 3 rrm MERSORB" mercury
adsorbent and a competitive 4x10 mesh stze granuLar adscrent are siown in Fgre 6. For
t'e cmpe*tie granular) product aimost h.f of te irrnpegrant was lost at temperatures
around the boiling point of water. On the other hand, the MERSORBO sihows no weight loss
unt temperature exceeds 200* C.

Tre diferences are even more ncceable for tests conducted in ar JSee Figure 7} The
iight loss at teperatures above 27FtC for the crmpettve product indicates that both tte
sfur impregnant and some of the cartsn is being oxidized For the NUCON MERSORB"
material, only a small portin of the szfur 's st at that temperature.

A speci grade MER SORB'HT. s avadfable for high temperature applications (greater than
100 C). Through a unique manufacturing process, the sifur t converted to a frtn that is
very stante. The weight loss of MER SRB' HT wIer subjected to a temperature of 200 *C is
typically 2%.
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Figure 6 - Weight Loss of Mercury Adsorbents in Inert Atmosphere
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Figure 7 - Weight Loss of Mercury Adsorbents in Air
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All thermogravnetric tests were perormed on cato- at -been Aned to remove
monsture

Other tests were o cea m a sream of r aetz fong trc#4 a bed of
MERSOR8* 1. pellets at 150 C After 24 hours the imprega- Oss was only 0.5%-

The MERSORB'si4fur nmpregnated adsorbents are quaniy ccntrol tested at 200'C to
ins-re stabity of e Iregnant.

The typical ioss of impregnant content or MERSORS' HT s 2 %.

LABORATORY TEST RESULTS

The results of laboratory tests per'ormed on several simu ated gas streams ha'#e been
used as a basis for the -esgn of mercury removal processes Th -y ncude 'fgas 'ronm
rmzed waste increration, a plasma eO-aced melter. v'ntlat-i of a hot cell, and a
c&emical muniters incinerat on -rcess, Tab*e 5 shows -'e res.ts of *tese tests-

Table 5. Laboratory Experiments, Gas Phase Mercury Removal

App~Ication Wfxed Waste Mixed Waal' Hot Cell VeM airnva-
Incsnwaton' Incieralon NS Factbw 1  Enlanced

ncieration

Gas Inert Off Gas Inert Off Gas X Syngas

Impurities NO2, HCL Nitrogen

Mercury Conc., mqCu m 10 16 0.055 0,55
Temperature- *C 150 107 38 30

Residence Time, sec 0.99 0 63 0.7 20
Test Dration, hr 1000 00 60 g
Merury Renoval Eff % 99 99997 99 8 Wt999
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NUCON also xuces mercury rewo-- as.rtents Tor 14z phase appcations The
MEPSOR8' L 8es gnation is used for proJucts resgned to 'emove mercury from te lqd
phase. There are two products used for i phase applicaoi:

*MERSORB, LW for iq. phase, aqueous solutions
4 MERSORB' LH for quid phase -yrncarbons

The -ipregn3 use, to make LW gade s insoluble in water. The impregant used to make
LH grade is inszie in commnor hydocarbons

T-e stndard LW and the LH grades are supplied as 1 5 and 0.9 mm diameter pellets,
C -stcm partcle sizes are available.

Mercury Removal from Water

Te MERSORB' LW grades ioemc aly react wth ementr~al mercury or water-soue
mercury salts wthin t pore s Jctre of the adscment Even though the sojubity cf
elemental mercury in water s km (C mIter e rovronmental a.thontes often spec 4y
even lower levels. Soluble mr-cury saks can Le present at much hgher cance--ratcns n
vianous contamEwaed streams-

The mercury ads-orption capacity of MERSORB LW is concentration dependent Typical
desrg conact tines are in the range of 20-40 m-nAes at ambient temperature The
MERSOR8O LW grades can be used at temperatures .p to 90' C

If Large armounts of dissolved crganic matenal are alsc prfesent in the aqueous streams, an
unimpregnatec carbon (NUSORB* GC60-1. 5) shouk be used as a guam bed to increase the
iffe and e Fciency of the MERSORBe LW for mercury removal

Adsorption Capacity

Figure 8 shows an isotherm for adscrpton o &omz mercury from water- Water (pH 7)
containing 50 ppm mercury -as Hg ' from HgCVi was contacte wth varIous amounts of
MERSORB" LW-3 ground to -325 rmesh After 24 - >rs te caroon was filtered out and &e
residual mnrcury concentratn in the filtrate was detemv'c by Atomic Absorpton
Spectroscopy
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Figure 8 - Adsorption of Mercury from Water by MERSORB® LW

Effect of Acidity

The pH of the water inluences the adsorpt capac -y -orrmrcury. MERSORB LW was
ground Io -325 mesr and 0.1 g was mixed with 1 ml of reagent grade w9er ocnrng 9.4
mg mtrcryer water. The pH was adjusled with NaCH soktion. The residuai mercury
cenat ion was measured after 24 hours. Those results are shon in Table 6,

Table 6. Effect of pH on Mercury Removal

pH

Amount removed, %

3.2

44

7 10

80

Less tran half of the neruy was removed at oH 3.2 Nh-e over %was renoved at pH 10.

The e~ect of other ions r the water on mercury adsorpta D can be substantial Contact yckr
MER SORB' app]icat& s e-greer for advice in these cases
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Meted wastes conta -ng memury must be treated at a number of nuc;e7 fac tes As a part
of a program tor ctain prelirary technicag data- a tearr at Cak Roge Nat-ca Laboratory
performed lab studies -sing a s c'ton of mercury in water syntes:zed to duphoate scme of
the actual wastes. They found That MERS RB LW was e~ectve 3n this applicaton. Ey
vary" g solution cor-ions, they -ounc that mercury uptake was slight-y slower at k-. pH and
that competg cons eaed e total amount of mercury rernoved. WNe the theoretcal
capacity is OJ1 g/ of MERSORB LW, at the low concentrations used ;or the tests, th
capacitywas 012 gzgat neutral pH The rate ofmercury adsarpnion was found tofollow frst-
order kinetic behavior,

I another st-y. MERSOPa LW was evaluatec for its ercuy rernova from water stream-s
which contain &ssolved mercury sans In these expr-ients, the we ght Distbuto-
Coeff-cient (D) that is, the adsorbed arrc-t per kilogram of dry adsorbent divded by t-e
ancozf per ter of soutor, was ceter'rned at two ercvy conce trat s from a 0 05 M
soc4 -n -rate and a 0.05 M sodnium tcande scoution. The mercury in the infuent was
present as Hg '

Table 7- Distribution Coefficient of Hg on MERSORB4 LW

Hg Salt Concentration

From 0 05 M NaNO3
From 0-15 M NaGL

Trace

1d'500 lOg)
1 ,oo,'x :lkg)

0.001 mol Hgkg

7,200 fLkg)
175,cc00 (Ukg)

Mercury Cell Chlorine Caustic Plant Waste

Wastewater discharges from the HotraChern clcr-akali plant in Maine exceeded the
neWty establshed rrecury oncentraton mits mposec by the EPA An extense
process systerm was instaiet wch inciucec optimization of the sulfide pre-treatment
step, adjustrrent of pH and the a tion of 0.5 micron partice ers, followed by a
polishing bed of MERSORB" LW mercury adscebent. The result was a reductio in the
effluent c- :entration to below 50 ppTw Process conctons for the MERSODRB' acsorber
Vwere-"

F ow:
R esidence time
k et Mercury Concentra-o-
Mercury Remroval Efciency

20 gpm
45 minutes

E ppb
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Tests k've been pcforr in the NUCON ztory ,ang MERSORB* LH to rernove
elem-eta mercury k nectane E.~rnm acsorption results are sr *n .n Figure ?.
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Figure 9 - Mercury Adsorption from Heptane, MER SORB LH
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Water from Air Scrubbers

For scene sma me4 dal waste ncinerators, the exhaust gas is passed througr a water
scrubber to remove parbtculates and water-sd-uble comr -c- Ay mercury present in tVe
waste is contay'es in the scrubber water D.. a .our-ion&, der:-station project
scrubber water c.':taning an average of ^ ppbw Hg was passed through a cdumn of
MERSORB LW to remve the mer-y. An average ,- evel of less than 2 ppbw Hg
was marftained oiver this perio.

Mercury Cell Hydrogen

High purity hydrogen chloride fHCli is mar- actured by reacting *rydrge- anid ch : ne A
facity using hydrogen from chionnecaustc nerQAy cells must remove t'e rrecury r the
hydrogen to meet secifcato-s 4or the HCI. Mercury ccetratons up to 300 ppb We
reduced to less than 0.0 pcw in a s -'e column o& MERSORB'3 mmi dameter pellets This
system has been in operation for o.er eiht years w th r_0 r r y -emoval efficiency.

LNG Production Plant-Hg in Natural Gas

A western USA natural gas -rocessing plant produces LNG in orer to reject ntrogeri
from the gas. This plant has its mercury removal seti upstream of the C02 removal
section. The plant was smng a compettve mercury adsodtent ard sue ec --rectry
corosion dowrstream due to poor rnercury removai efficrcy Sulfur cotam-aition n the
N3L was also obse*ved, cue to loss of sulff f-om the mercury adsorbent caused -y
water-g yc4 carryvver The plant -- stae: MERSORB' merwy acsorbent and sfur
cotarr nation of their NGL was elim-ated a the cocentration rnecurycubc meter -
to-e treated gas is consistently < 2 nanograrns.

Mine Atmosphere

A glid m - -g zat in Nevada enc tered concentratons we, above the TLV in te
enciosed processng a-ea. An air purf cabon system co-taining MERSORB' 3 mrn peets
was installed. The mercury evel has been rced to reow the TLV.
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A recyder plant uses a retort to process rts mercury-beanng wastes, Using a comrpettive
mercury adsorbent to f tr the 250*F oaf-gas, they experienced reveted bed fres. Ater
lab iesting all available mercury adscrbents. ey svtched to MERSORB' ,ercvy
adsotbent. There have been no furter problems w 1h bed fres and mercry emiss on
requirements ae r-et

Mercury Waste Recycler-Hg in Water

T-eatng retrt condensate water for rmereuy removal using a compettoes product did not
ac"eve 0e desred performance After inst MERSORB' LW mercury adsorbent, the
user reduced mercury levees i t&e treated water from as high as 1 0O0 ppbw Hg to less
t-an 1 ppbw Hg.

Fluorescent Lamp Recycling System OEM-Hg in Air

An OEM tned several competil-ve mercury adsorbent products and decoded to use
MERSORB" merury adsorbert Over 20 systems nstaed all meet meroury emissions
regulations. Even with a tree-shft taip recyd" operation- the mercury adsorbent Lasts
severat yfars.

Fluorescent Lamp Plant-Hg in Air

The plant needed to control the mercxry emss-s fror their fluorescent lar cing
ovens. An air colecton systen was nstalled 7n cld-g an adsorter co-taIning
MERSORE LH n-ercuy adsorbent Mercury concentrators iAound the unit were reduced
from > 100 micrograms Hgfcubic meter to non-detectabe levels of< 1 microgram
Hgcubjc meter even though the treated air tempera.re was over 160 "F

Mercury-Cell Chlor-Alkali Plant-Hg in Brine, Hg in Water

The plant needed to drasticay reduce the mercury emissions in ts spent bnne A tO
gpm secondry treatment system using MERSORB LW mercury adsortent was -nsta.
The process reduced mnercry levels n the bnne 'rum > 50 ppbw Hg to < O& 050ppbw Hg

"<0 ppTrlon Hg by weight).
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T-eVollowng are general gadance for tyvai applicatns. Contac -s to discuss MER SORBM
apphcat'ons tailored to your specc oceratng condtions.

Do not use these produs aor a st~ons, Acds reacdng w t- s/ur compounds
can generate hy.r1en s de IH? th s poisonous. emoval effcency for onc
rnerc, deceases at a pH below 7. For elerntal rroerxy a pH as low as 4 caw be
used

2. Wet non-mercury irr ties must a so be removed it may be desirable to use
-g:ar adsorbent beds in service upstream of the MERSOR" adsorbent becs to

re-ove tese impurities and -7rease the ife of the mercry adsorption bed.

3. Merc'y removed by the s- r impregnated MERSORB s converted by L*e
asorbent to mercuric sutfoe, a nat-uay occurring comc.ra Spent adsorbent
should be hxAred accceong to aproprate cisposal procedies and according to
a --- able safety and transportaton -egulatc-s

4. For optimium removal eficiency. it is always preferable to operate a deep bed at heh
veloccty rather than shalow adsorbent bed at a low velooty

5. It is important to have efeceive lquid knockout upstream of gas phase mercury
adsorpt befs. Lquid h rocarbons can c ssowe the sifr ir;pregnant Any liquids
E--enng or condensng in the azsorbernt bed interfere wth the neriury acsorpion rate
ar- -aacty It s also commou fbr natural gas strearrs to be satuated wth water
& >ce high relatve hurrdity interferes with rrecury adsorpton, i is mportant to raise
the temperture of the gas enough to reduce heresative hurrnty less than 90%. This

il aso mr mize t* possibity of getting 14-. water on the adsortent beds. It s also
hepful to heat trace t'e piping between t* heater and the adsorber to prevent coolrg
ard corder sat on.

6, The MERSORS' mercury adsabents 'ave been shown to be effective at rekatively
h 7 cperating temperatures. Please contact your MERSORB* abons engeer
for specric product recomrer-dations for your partic".ar siuatonl
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TECHNICAL SUPPORT
NUCON echnica personnel can povide:

A Acsorptor equilibrnn - ata

B Dynarnic adsorptW data.

C. Process design engineering of the mercury remoa process.

D. System fabrcation and installatvn

E- Or-site technical servfes.

D. Piot sca*e adsorbers for sp stream tests.

MERSORB2 apphcatOs engineers can advise users conceming pctenuial recovery of
mercury from spent adsorbent beds-
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EXECUTIVE SUMMARY

The U.S. Department of Energy and Tank Operations Contract manager Washington River
Protection Solutions, LLC proposes upgrading three existing double-shelled waste tank farm
ventilation systems at the Hanford Site located in Benton County, Washington. All projects with
emissions of air toxics defined in Washington Administrative Code 173-460-150, Table of
Acceptable Source Impact Level, Small Quantity Emission Rate and De Minimis Emission
Values, that exceed the de minimis levels are required to submit a first tier review. A first tier
review, Criteria & Toxics Air Emissions Notice of Construction for the Operation of the 241-SY,
241-AP, and 241-AY/AZ Tank Farm Ventilation System Upgrades, has been submitted to the
Washington State Department of Ecology Nuclear Waste Program. If modeled concentrations
exceed the acceptable source impact levels defined in Washington Administrative Code 173-460-
150 a second tier review or Health Impacts Analysis is required. This document serves as a
second tier petition and a Health Impacts Analysis pursuant to the requirements of Washington
Administrative Code 173-460-090, Second Tier Review.

Operation of the new ventilation systems will support the storage, treatment, retrieval, sampling,
transfers, and mixing of the waste in the new 241 -SY, 241 -AP, and 241 -AY/AZ exhausters. The
exhausters are being upgraded with increased flow rates to handle the increased heat from mixer
pumps that will be added to mix the tanks during waste transfers between tank farms and waste
delivery to the Waste Treatment and Immobilization Plant. Design of the 241-SY and 241-AP
ventilation systems as well as well as partial construction and procurement is the result of
funding made available by the American Recovery and Reinvestment Act.

The estimated emissions and atmospheric modeling performed showed that only dimethyl
mercury was found to be above the acceptable source impact level. The purpose of this
document is to evaluate whether dimethyl mercury emissions from the proposed upgrade of the
241-SY, 241-AP, and 241 -AY/AZ tank farm ventilation systems could pose a potentially
unacceptable health risk to local populations. After consulting with Washington State
Department of Ecology regarding the dimethyl mercury emissions, it was agreed that the two
pathways for human exposure that would result in the highest exposure to the public was
inhalation and ingestion of plants. The first exposure scenario was a 30-year mother-child living
at the point of maximum 24-hour concentration and deposition, the second was a 70-year
resident scenario living at the location of the nearest resident. This evaluation is not intended to
address all human exposure to dimethyl mercury or mercury in south central Washington State.

To ensure that the risks to the public are overestimated rather than underestimated, a
conservative approach was taken. The process followed is listed below:

1. Estimate emissions from the 241 -SY, 241 -AP, and 241 -AY/AZ tank farm ventilation
systems

2. Identify sensitive populations
3. Perform air modeling to predict ambient air concentrations from the ventilation systems
4. Perform air modeling to predict deposition onto plants from the ventilation systems
5. Calculate the total inhalation exposure from the operation of the ventilation systems
6. Calculate the total ingestion exposure from deposition on plants from operation of the

ventilation systems

ii
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7. Calculate the total hazard from the ventilation systems.

This risk evaluation used conservative assumptions to ensure that the risk was an overestimation
of the potential health impacts. Dimethyl mercury is a neurotoxin and studies have shown that it
transforms into methyl mercury in the body (Ostlund, 1969). Due to the limited toxicological
data for dimethyl mercury, toxicity data for methyl mercury toxicity data was used. The
National Research Council recommended a reference dose for methyl mercury of 0.1 gg/kg body
weight per day to protect the most sensitive populations which are developing fetuses. The 30-
year mother-child calculated exposure from the exhausters from inhalation and ingestion of
dimethyl mercury is 6.9E-07 pg/kg body weight per day. The 70-year resident calculated
exposure from the exhausters from inhalation and ingestion of dimethyl mercury is 6.9E-08
ptg/kg body weight per day. Based upon the available literature and very low emissions and
resulting ambient concentrations the emissions of dimethyl mercury from the proposed new
ventilation systems should not pose a risk to the public.
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1.0 PROJECT SUMMARY

The U.S. Department of Energy (DOE) and its Tank Operations Contractor (TOC) manager,
Washington River Protection Solutions, LLC (WRPS) are proposing construction and operation
of new ventilation systems for the 241-SY, 241-AP, and 241-AY/AZ Tank Farms at the Hanford
Site in Benton County, Washington. All projects with emissions of toxics in Washington
Administrative Code (WAC) 173-460-150 that exceeds the de minimis levels are required to
submit a first tier review. A first tier review, Criteria & Toxics Air Emissions Notice of
Construction for the Operation of the 241-SY, 241-AP, and 241-AY/AZ Tank Farm Exhauster
Upgrades, has been submitted to the Washington State Department of Ecology (Ecology)
Nuclear Waste Program. If modeled ambient concentrations exceed the acceptable source
impact levels (ASIL) in WAC 173-460-150 a second tier review or Health Impacts Analysis
(HIA) is required. This document serves as a second tier petition and a HIA pursuant to the
requirements of WAC 173-460-090 and in agreement with letter 10-ESQ-378 Health Inpacts
Analysis for the Waste Feed Delivery Exhauster Upgrade Projects for the Hanford Double-Shell
Tank System shown in Appendix A.

The current 241-SY, 241-AP, and 241-AY/AZ Tank Fann ventilation systems are being
upgraded to support the tanks waste feed delivery (WFD) mission as part of the overall plan to
treat the waste at the Waste Treatment and Immobilization Plant (WTP). The WTP is planned to
start of operations in 2019 and finish in 2049. During the WFD process double-shelled tanks
(DSTs) will be mixed to transfer waste between tank farms to be blended and to provide feed to
the WTP. Mixing will require up to two mixing pumps in up to two tanks per tank farm during
to ensure that the waste is homogeneous for sampling and waste acceptance before transfers
begin. Since the heat generated from the operation of the mixer pumps will increase the
temperature of the waste, the new exhausters are designed with higher flow rates to remove
additional heat so that tanks remain within their operational temperature parameters. The mixing
and transfer process should take approximately 15-20 days to complete. During the rest of the
time the mixer pumps will be not be operating or will removed and the waste will be quiescent
and the exhausters will run at their normal flow rates.

1.1 REPORT PURPOSE
The purpose of this report is to document the analysis and evaluation of the potential human
health related impacts of dimethyl mercury (DMM) emissions and offsite ambient concentrations
from the proposed upgrade of the 241 -SY, 241 -AP, and 241 -AY/AZ Tank Farm ventilation
systems at the Hanford Site to support waste transfers between tank farms and to the WTP. This
study is intended to determine if the DMM emissions from the exhausters pose an unacceptable
risk to the public. This evaluation is not intended to address all human exposure to dimethyl
mercury or mercury in south central Washington.

1.2 HANFORD TANK FARM HISTORY

The Hanford Site is located in south central Washington State in Benton County along the
Columbia River and is approximately 586 square miles in size as shown in Figure 1. The
mission of the Hanford Site from 1943 to 1988 was defense-related nuclear research,
development, and weapons production. Nine nuclear reactors along the Columbia River at the
site were used to produce plutonium. The site also had facilities in the Central Plateau, called the
200 Areas, used to extract the dissolved and irradiated reactor fuel for weapons production.

I
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Underground single-shell tanks (SSTs) were built to store the radiological and chemical waste
from plutonium production beginning in 1943. One hundred and forty nine SSTs made of
carbon steel surrounded by concrete were built ranging in volume from 55,000 gallons to
approximately 1 million gallons. Beginning in the 1960s after many of the single-shell tanks
began to leak, 28 DSTs were built. The DSTs have two carbon steel liners surrounded by
concrete. See Figure 2 for a schematic of a typical DST. The DSTs all hold least one million
gallons (RPP-RPT-26040, Pairwise Blending ofHigh-Level Waste). To date, no DST has
leaked.

Since the last reactor was shut down in 1986 the site mission has been environmental
remediation and clean up. Waste stored in the tanks consists of hazardous chemicals regulated
under the Resource Conservation and Recovery Act (RCRA) of 1976 and radioactive chemicals
regulated under the Atomic Energy Act of1954. In 1989 the DOE, U.S. Environmental
Protection Agency (EPA) and Ecology agreed to the process and the required actions to
comprehensively cleanup the Hanford Site (Han/brd Site Federal Facility Agreement and
Consent Order). The current mission to clean up the 200 Areas includes moving the waste from
the SSTs to the DSTs to prevent any further leakage, retrieving and treating waste from all 177
underground tanks and ancillary equipment and disposing of the waste in compliance with
applicable regulatory requirements (MGT-PM-PL-10, Protect Execution Plan for the River
Protection Tank Farms Project).

1.3 TANK FARM PERMITTING HISTORY
The 241-SY, 241-AP, and 241-AY/AZ ventilation systems are included as significant emission
units in the original Hanford AOP number 00-05-006 issfed in 2001 and renewed in 2006. The
Ecology regulated 241-SY and 241-AP exhauster permits have not been modified. The 241-
AY/AZ exhauster NOC application was approved as Order 94-07 in 1994. A NOC application
was submitted in 1997 to increase VOC emissions and was approved as revision 1 of Order 94-
07-01. A NOC application was submitted in 1999 to increase the ventilation rate and was
approved as Order 94-07-02. A NOC modification application was received in 2008 for
emission rate changes and was approved as Order 94-07-03.

2
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2.0 FACILITY IDENTIFICATION AND LOCATION

The 241-SY, 241-AP, and 241-AY/AZ double-shell tanks (DSTs) farms are located at:

U.S. Department of Energy, Office of River Protection
Hanford Site
200 East and West Area Tank Farms
Richland, WA 99352

The DSTs are located in the 200 East and West Areas of the Hanford Site (See Figure 1). Table
1 below lists the locations of the tank farms.

Table 1. Tank Farm Locations.

Tank Farm Latitude Longitude

241-AP 46' 33' 07" N 1 19' 30' 57" W

241-SY 46' 32' 26" N 119"37'40" W

241-AY/AZ 46* 33' 18" N 119* 31' 03" W

3
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Figure 1: Map of the Hanford Site.
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Figure 2 shows a cross section of a typical DST. The DSTs have numerous systems to detect
leaks, monitor tank conditions, and allow equipment access. The mixing pumps will be placed

down into the tanks through the risers and run at various depths to thoroughly mix the waste.

Figure 2: A Schematic of a Typical Double-Shelled Tank.
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2.1 241-SY TANK FARM

The 241-SY Tank Farm consists of three buried DSTs in the 200 West Area. The tanks have a

capacity of 1.16 million gallons each. The 241 -SY Tank Farm is the only DST Farm in the 200
West Area and is the transfer point between the 200 West Area and the 200 East Area. The WTP

is located in the 200 East Area so West Area waste must pass through the 241 -SY Tank Farm to
get to the WTP. The 241-SY Tank Farm was placed into service in 1977. Figure 3 shows a map

of the 241-SY Tank Farm. The tanks are numbered 241-SY-101, 241-SY-102, and 241-SY-103.

Current 241-SY exhausters are assigned stack numbers 296-S-25 ("A" Train) and 296-P-23 ("B"
Train). They operate alternately. They are listed in the Hanford Site Air Operating Permit

(AOP) 00-05-006 under emission points S-296S025-001 (296-S-25) and P-296SY-001 (296-P-
23). The new assigned 241-SY exhauster stack numbers are 296-S-026 ("A" Train) and 296-S-
027 ("B" Train). They will also operate alternately.

The new 241-SY exhausters will be capable of maintaining 1,400 standard cubic feet per minute

(scfm) normal flow rate and up to 2,500 scfm at design maximum conditions.

2.2 241-AP TANK FARM

The 241-AP Tank Farm consists of eight buried DSTs in the 200 East Area. Six of the tanks
have a capacity of 1.16 million gallons each and two of the tanks have a capacity of 1.26 million
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gallons each. The 241 -AP Tank Farm will be the transfer point for low activity waste from the
200 East Area to the WTP. The AP Tank farm was placed into service in 1986. Figure 4 below
shows a map of the AP Tank Farm. The tanks are numbered 241-AP-101 through 241-AP-108.

Currently the 241 -AP Tank Farm has two exhausters with a common stack and the stack is
assigned stack number 296-A-40. It is listed in the AOP Number 00-05-006 under emission
point P-296AP-001 (296-A-40). The new 241-AP exhauster stack numbers are 296-A-048 ("A"
Train) and 296-A-049 ("B" Train). They will also operate alternately.

The 241-AP exhausters will be capable of maintaining 1,500 scfm normal flow rate and up to
3,000 scfin at design maximum conditions.

2.3 241-AY AND 241-AZ TANK FARMS
The 241 -AY Tank Farm and the 241-AZ Tank Farm each have two buried DSTs in the 200 East
Area. The 241-AY and 241-AZ Tank farms were placed into service between 1971 and 1976. A
map of the AY and AZ Tank Farms are shown in Figure 5. Due to the proximity of these two
tank farms, it is possible to use one exhauster system to ventilate both farms.

The current 241 -AY/AZ ventilation system consists of two exhaust trains with a common
exhaust stack. The stack is assigned number 296-A-42. It is listed in AOP 00-05-006 under
emission points P-296A042-001 (296-A-42). The new 241-AY/AZ exhauster stack numbers are
296-A-5O ("A" Train) and 296-A-51 ("B" Train). They will operate alternately.

The 241 -AY/AZ exhausters will be capable of maintaining 1,500 scfm normal flow rate and up
to 3,000 scfm at design maximum conditions.

6
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Figure 3. Map of the 241-SY Tank Farm.
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Figure 4. Map of the 241-AP Tank Farm.
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Figure 5. Map of the 241-AY and 241-AZ Tank Farms.
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2.4 DST VENTILATION SYSTEMS
The three ventilation systems are designed to be functionally similar for ease of maintenance and
operation. The three ventilation systems will only have minor differences due to the number of
tanks in the respective tank farm or the estimated heat generated from mixing activities that may
require a larger flow rate. Each tank farm will have duplicate exhauster trains one in operation
and another available for backup. Figure 6 is a schematic of the exhausters. The design
airstream conditions of the exhausters are as follows:

* High pH (10-14 nominal) waste
0 100 percent relative humidity
0 Minimum inlet temperature of 68 degrees Fahrenheit (*F)
9 Maximum inlet temperature 147 *F

The exhausters will be attached to the existing tank ductwork. The major components of the
exhausters are:

" Modular skid for heater, filter train, stack and fan motor
" Skid platforn
" Ductwork and piping

9
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" Electrical supply and interface components
" Isolation valves
" Heater system
" Filter train assembly
" Exhaust fan and motor
* Condensate drain and seal pot system
" Instrumentation and controls system.

The stack heights of the 241-SY and 241-AP exhausters are being increased to 40 feet. The 241-

SY stack height is currently 17.3 feet and the 241-AP stack height is currently 20.6 feet. The

241-AY/AZ stack height is currently 55 feet and will be changed to 40 feet. Modeling of the

241-SY and 241-AP ventilation systems has shown that raising the stack height above 40 feet

results in small improvements in ground level concentrations (RPP-RPT-47978, Atmospheric

Modeling of the Stack Heights for the AP and SY Exhausters). Due to the similar terrain and

operating conditions it is expected that the modeling dispersion results for the 241 -SY and 241-

AP exhausters will be similar to the 241-AY/AZ exhauster.

The filter train consists of a pre-filter, two banks of high efficiency particulate air (HEPA) filters

in series, and an exhaust stack. The HEPA filters are nuclear grade and meet the ASME AG-
1 performance requirements. After factory testing they are sent to an independent DOE testing

laboratory for final acceptance testing.

The HEPA filters are abatement equipment required by the Washington State Department of
Health (WDOE) to control particulate radionuclide emissions. The HEPA filters are nuclear

grade with a minimum 99.95% efficiency for a polydispersed aerosol with an approximate
droplet size distribution that is 99% less than 3.0 im, 50% less than 0.7 jim, and 10% less than

0.4 pm. The HEPA filters are tested in accordance with ANSI N510 Testing of Nuclear Air

Treatment Systems. Actual filter measurements with tank waste radionuclides show that

individual filters are approximately 99.998% efficient which is at the limit of detection
equipment (RPP-4826, Experience with Aerosol Generation During Rotary Mode Core Sampling

in the Hanfbrd Single Shelled Waste Tanks).

10
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Figure 6. Conceptual Drawing of a DST Exhauster.

Heater Pre-filter HEPA Filters

+ - , ..1 J! 11l .
nol .l .| ....

11



RPP-ENV-4823 1, Rev. 0

2.5 HANFORD METEOROLOGY

The Hanford Site is in the rain shadow of the Cascade Mountains and receives an average of less

than seven inches of rain per year. The wind is predominately from the west, but calm wind

conditions are frequent. Wind roses for the calendar years 2001-2005 are shown in Figures 7

through 11.

Figure 7. Wind Rose For Calendar Year 2001 from the HMS.
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frequency. (I meter per second equals 2.24 miles per hour).
mi/s = meters per second.
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Figure 8. Wind Rose For Calendar Year 2002 from the HMS.
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Showing the direction the wind is blowing from, wind speed, and
frequency. (1 meter per second equals 2.24 miles per hour).
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Figure 9. Wind Rose For Calendar Year 2003 from the HMS.
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Figure 10. Wind Rose For Calendar Year 2004 from the HMS.

N

w

S

E

Wind Speed
(ms)
- :1 2

1 4

0 00

Showing the direction the wind is blowing from, wind speed, and
frequency. (1 meter per second equals 2.24 miles per hour).

m/s = meters per second.

Figure 11. Wind Rose For Calendar Year 2005 from the HMS.
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2.6 RECEPTORS

As shown in Figure 1. the Hanford Site is \ery lare. The locations where the public can be

exposed to the exhauster emissions are shown in Figure 12. The nearest offsite location is along

Hiuhway 240 about 2.3 miles to the south of the 241 -SY Tank Farm. The areas to the south of

Highway 240 are also controlled areas and not open to the public. The nearest resident is

approximately 8.1 miles to the west from the 241-SY Tank Farm. The nearest water body is the

Columbia River 6.8 miles to the north of the 241 -SY Tank Farm. The nearest school is 17.S

miles to the south and east of the 241-AP and 241 -AY AZ Tank Farms.
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Figure 12. Map of the lanford Area with Exhauisters and Nearest Receptors.
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3.0 RESPONSIBLE MANAGER

The current responsible facility manager is:

Jonathan A Dowell. Actina Manager
U.S. Department of Energy. Office of River Protection (ORP)
P.O. Box §50
Richland, Washington 99352
(509) 376-3389

I T
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4.0 EMISSIONS AND ATMOSPHERIC MODELING

Emissions from the new ventilation systems were estimated based on previous tank headspace
and ventilation system measurements that have been documented in the Tank Waste Information
Network System (TWINS). The methodology is described below. Atmospheric modeling was
conducted to estimate ambient concentrations as recommended by Ecolou.

41 EMISSIONS
Estimated emissions of criteria and toxic air pollutants were reported in RPP-RPT-44009
SprLa(sheet Dscripriun Dociu tbr \'m-Rad Air Suurce Ternm/fr 241-Y Frmin (d 241 .- P
F0r7 IrimhbarT Ien0ifj/irni Sstem I pgraites (Appendix B) on a per tank basis and a maximum
tank farm basis. The per tank emission rate was used from SVF- 182 1. Nun-Radioloical Air
S.Vurc Iermfor 241-SY Far, Luid 241-,41 Faurm Primary I enilatiwi Si-sen to calculate the
emission rate for the 241-SY. 241-AP. and 241-AY AZ Tank Farms. Assumptions made in
RPP-RPT-44009 for the evaluation were:

. When the maximum value in the TWINS database is the measurement detection
limit, that value is assumed to be the reported % alue.

2 Measurements were made over a quiescent waste and passively ventilated for all
SSTs and actively ventilated for DSTs. A constant emission rate was assumed as
long as the tank waste remains quiescent.

3. SSTs were passively ventilated during measurements and based upon historical
exhauster flow rates each DST ventilation system was assumed to have a flow rate
for each tank of 1.000 scfm divided by the number of tanks in the tank farm.

4. Based upon mixer pump tests in DST 241 -AZ- 101, it was assumed that the
headspace concentrations increased by a factor of 10 during waste mixinu activities.

. No more than two tanks in a tank farm will have waste disturbinu activities occurring
simultaneously.

6. The highest emission rate from any given tank for each toxic air pollutant (TAP) is
assumed contained in all tanks in the DST tank farm.

The unabated emissions of criteria pollutants from the 241-SY. 241-AP and 241-AY/AZ
ventilation systems was estimated based upon measured headspace concentrations documented
in the TWINS database. The TWINS database was searched for regulated criteria pollutants and
TAPs by each pollutants Chemical Abstracts Service (CAS) number. Because waste transfers
will occur between tanks durina the lifetimes of the ventilation systems. the highest emission rate
per tank was calculated. The maximum per tank emission rate was used for each farm and it was
assumed that two of the tanks will be mixed. The maximum per tank emission rate was
multiplied by a factor of 21 (two mixed tanks with a factor of 10 and one quiescent tank) to
estimate the emission from the 241-SY \ entilation system . A factor of 26 was applied to the
241-AP ventilation system and a factor of 22 was applied to the 241-AY AZ ventilation system.
Emissions of all TAPs are shown in Appendix B.

4.2 BEST AVAILABLE CONTROL TECHNOLOGY
Pursuant to WAC 173-460-060(2). (onwrl Tchno/ogqv RequirenL.s an analysis of Best
Available Control Technolouy for Toxics (tBACT) for emissions of toxic pollutants was
performed. RPP-ENV -46679. Livalwationi oBest Avai/ilcL Conrol Techologv fAr Toxicw

I<



RPP-ENV-48231. Rev. 0

i('T ) Dou/bIe-SheII Tank Farms~ Irimaorv I'enailauio,; .ksems Sipporiinz Ui Usie Trcans/er

Operahions, is shown in Appendix D.

A tBACT analysis was performed using the "top-down" approach established for BACT. This
approach is defined in detail in New Source Review 11>rkshop 1aial r-evenIion of
SitniificanCi D1eerioraion ad1 Aon1uuinen A rca Permi/Ting, JA. I 990 The approach
consists of the following steps:

1) Identify all control technologies
2) Eliminate technically infeasible options
3) Rank remaining control technologies by control effectiveness
4) Evaluate most effective controls and document results

7) Select BACT

Toxics with similar chemical and physical properties were grouped together with the assumption
that similar control technolouies would be effective. The four groups identified were:

* Ammonia
* Toxic organic compounds
* NIercury and mercury related compounds
" Particulate metal compounds

A detailed evaluation of the emission control technologies was performed. and after an
effectiveness analysis a cost per ton of pollutant removed was calculated. All of the costs per ton
were above S223.000 per ton which exceeded the cost ceiling estimates of S10,500 previously
approved by Ecology and EPA for the Hanford Site as economicallyjustifiable (RPP-ENV-
466~T9). Due to the low emission rates the cost per ton to remove the pollutants becomes
prohibitively expensive.

Based upon the results of this tBACT, the proposed tBACT control technology for the DST
primary ventilation system consists of a moisture de-entrainer. heater. pre-filter. and two banks
of nuclear urade HEPA filters in series.

4.3 AIR DISPERSION MODELING
Ambient air concentrations at the Hanford Site boundary and beyond were estimated using the
United States EPA AERMOD dispersion model. Version 09292. EPA-454 B-03-001. ("Ser's
(icle/fr the .-IAIIS ES Reg'unamorv Model - RA R.101) and Ecology's GthidLnce i)ocumena:
Firs,. Second. and lh/rd Tier Review of Toxic Air Pollution Sources (08-02-025 ) were used as
modeling uuidance.

The model inputs included the physical parameters of the stack. facility property line, and digital
elevation maps. The surface meteorological inputs were from the Hanford Meteorological
Station (HMS) and the upper air data was obtained from the Spokane. Washington. National
Weather Service. Both sets of weather data have previously been checked for quality and used
for modelinu on the Hanford Site. The calendar years 2001-2005 were analyzed. Terrain data
\w as from the United State Geological Survey for the surrounding area. The regulatory default
mode was used for atmospheric concentrations. For atmospheric deposition the factors used are
described in section 4.4.

I ')
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The receptor grid space was:

Table 2. Ecology Recommended Receptor Grid Spacing.

Distance from Source (m) Grid Spacing (m)

,io - No10

4.000 - 800l0
.'100 - 3),00 200

Only offsite receptors were modeled for this analysis. Onsite modeling has been performed to
assess worker exposure (RPP-RPT-4797 8, .4 nonspheric ModJcling ofi the Stack Heigahsf/r the
AP aInd .Y Exhausrrs. 2010).

All three ventilation systems were modeled simultaneously assuming that mixing was occurring.
All three tank farms were also assumed to be undergoine mixinu for the entire year to ensure the
worst case situation would be modeled for the hourly and 24-hour screeninu levels.

A total unitary emission rate for all ventilation systems of one g/s was used based upon the ratio
of the emission factors per tank farm to the total of the three ventilation system emissions. This
system allowed of the actual emission rate for each TAP from all the ventilation systems to be
multiplied by the conversion factor to achieve the dispersed concentration. The 241 -SY Tank
Farm had an emission factor of 2 1. two tanks beinu mixed and one quiescent. The 241-AP Tank
Farm had an emission factor of 26. two tanks mixed and six tanks quiescent. The 241-AY AZ
Tank Farm had an emission factor of 22, two tanks mixed and two tanks quiescent. The
emission factors were 0.304 g's (21 69) for the 241-SY Tank Farm. 0.377 L s (26 69) for the
241-AP Tank Fanm, and 0.319 Lzs (22,69) for the 241-AY AZ Tank Farms.

Table 3 shows the dispersion factors for all three exhausters operating simultaneously. The
receptor with the highest concentration for each time period is along Highwkav 240 to the south
and west of the 241-SY Tank Farm.

10)
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Table 3. Air Dispersion Factors for the Double-Shell Tank Ventilation Systems.

Averaging Period Dispersion Factor
(bigin er /s)Easting (in) Northing (11)(pilg/m11 per g/s)

1-hour 319.02- 5163 39)

24-hour 1.9 294-104 .15 .438

Annua l ) 293339 58_ IS

The air dispersion factors, based upon the specific TAP averaging period, were multiplied by the
total emission rate in a s for the three tank farm exhausters to calculate the ambient air
concentrations shown in Appendix B.

Of the 91 toxics identified 44 were found to be above the WAC 173-460 de minimis screening

levels and 32 were found to be above the small quantity emission rate. Only DMM was found to
be above the acceptable source impact level. The peak 24 hour modeled concentration for DMM
was 7.7E-08 II in 2005. For comparison the peak annual concentration of DDM Would be
2.3E-09 u I. Figure 12 shows the location of the peak 24-hour concentration along Highway
240. The nearest residential receptor has a peak concentration of 2.SE-09 p -'I The nearest
resident is impacted more than the highest commercial receptor so the resident scenario is
assumed to be more conservative. The rest of this report focuses primarily on DIM.

2]
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44 DEPOSITION MODE LING
Since DMNI can deposit on vegetation and soil and that can be ingested deposition was modeled.
Dimethvl mercury is not water soluble and does not react to form particles as described in
section 5.4. Therefore, only gaseous deposition \\as modeled. The AERMOD default options
for gaseous dry deposition were used to model DMM deposition. AERMOD also requires
seasonal parameters. surface characteristics and gas physical parameters to model deposition.
The seasonal categories that AERMOD uses to calculate dry deposition are:

I. Midsummer with lush vegetation
2. Autumn with unharvested cropland
3. Late auturmn after frost or winter vith no snow
4. Winter Nwith snow on the ground
5. Transitional spring with partial green coverage or short annuals.

Based upon the climate for the Hanford area category One was used for the months of May.
June. July. and August. Category Two was used for September and October. Category Three
was used for November, December. January, and February. Category Four was used for March
and April, and Category Five was not used due to the infrequency of lasting snowfall in the area.

AERMOD also requires land use to calculate dry deposition using the following land use
options:

I. Urban land, no vegetation
2. Agricultural land

3. Rangeland
4. Forest
;. Suburban, grassy
6. Suburban, forested
7. Bodies of water
S. Barren land, mostly desert
9. Non-forested wetlands

The rangeland option was used for this project due to the dominance of shrub steppe in the area.

The transport and cycling of pollutants in the atmosphere are dependent on the physical
properties of the pollutant. AERMOD also requires the following physical parameters of the gas
to model the deposition:

I. Diffusivitv in air: 6.OE-02 (cm- s) (Weslev et al. 2002)
2. Diffusivity in N ater: 5.25E-06 (cm s) (EPA 530-R-05-006)
3. Leaf cuticular resistance: I.0E07 (sec m) (Wesley et al., 2002)
4. Henry's Law constant: 6.OE-06 (pa-i mol) (\Wesley et al., 2002).

Only the 24-hour deposition values were modeled because the ASIL for DMM is 24-hours.

The peak 24-hour DMM deposition for the five year period was ]. E-l Ig mll for 2005. The
location of the peak deposition point is also along Highway 240 to the south and west of the 241-
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SY Tank Farm as shown in Fi-ure 14. The peak concentration at the nearest residence is .OE-
12 ( m- for 200>

14
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Figure 14. Contour \lap for the Peak 24-hour DINI Deposition for 2005.
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5.0 HAZARD IDENTIFICATION

Hazard identification involves evaluatinu toxicity data from the emissions along with the health
injury or disease that may occur due to exposure. Appendix C shows the 32 TAPs that were
above the SQER screening level and a brief description of potential health effects. The
information was obtained from the Centers for Disease Control web site
htt: \\ w.cdc o\ iosh ) and State of New Jersey Department of Health web site

(http: \ww.ehso.com ehso.php? R Lx httpo 0 Aoo0 o2Fwww.state ni us health Coh rtk eb ).

Dimethv I mercury is the only TAP above the ASIL and the only neurotoxin above the SQER.

Therefore the balance of this analysis will focus on D.MM.

5.1 DIMETHYL MERCURY

Dimethyl mercury is an organomercury compound that is very toxic to humans. A small skin
exposure of a few drops has been lethal (Nierenberg. et al.. i)elaved Cerchellar I)iscase and
Decth afer .4ccidenal ExpoSurie o i)imeCihvl Iercllrv, 1998). Due to its high toxicity. DMM is
rarely used and only a few cases of DMM poisoning have been documented.

Dimethvl mercury is a colorless liquid that is volatile and insoluble in water. The physical
properties of DMM are shown in Table 4.

Table 4: Physical Properties of DMM.

Property Value
Melting Point CC)
Boiling Point (C ) 96 a I atn
Vapor Pressure (Pa) . x 10 : 25( C
Waiter Soiubilitv (w 1) 9 9 214 C

Henry's law coefficient 646 a 25C

Due to the scarcity of DMM toxicity data very few toxicity level recommendations are available.
While only a few cases of DMM toxicity have been studied most have been fatal. Methyl
mercury (M'eHg) toxicity has been studied more extensively. There are many similarities
between DMM toxicity and MeHg toxicity (ACGIH, Mercury A/kv/ ('ompoundsh 2001).
Dimethyl mercury is metabolized to MeHg in the human body before it enters the brain (Ostlund
Sludies ui the Metabolism ) 1/ethv/ Alercm-1 in -Vice. 1969) and is further con erted to
inorganic mercury in the brain. Since DMM is metabolized to MeHg, toxicity data from MeHe
can be used to estimate the toxicity of DMM. There have been a few cases of MeHg poisoning
due to people ingesting MeHg that had bioaccumulated in fish and also from grain tainted with
MeHg used as a funuicide (NRC, 2000). The toxicity of organomercury compounds is different
from inorganic mercury compounds in that organomercury compounds pass through the blood-
brain barrier and the placenta very rapidly compared to inorganic mercury compounds (ACGIH.
2001).

The National Research Council (NRC) issued Toxicul/tPicV/ Efc/CCS 0/ /1h1hnlereTr in 2000 to
analyze the literature and develop a reference dose for NleHg for the EPA. Methyl mercury.
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unlike DMM, is soluble in water and bioaccumulates up the food chain. There have been
documented cases of mass exposure of people to MeHg due to mercury poisoning of water
bodies and the subsequent ingestion of fish. Two instances occurred in Japan. There was also a
mass poisoning due to the ingestion of MeHg coated wheat in Iraq (NRC, Toxicological Effects
of Methylmercury).

Methyl mercury is rapidly absorbed from the gastrointestinal tract and accumulates in the adult
and fetal brain. Methyl mercury can cross the blood-brain barrier and is also able to cross the
placental barrier exposing the fetus. In the brain the MeHg is slowly converted to inorganic
mercury. Animal studies have indicated that the developing nervous system in fetal and young
animals is the most sensitive target organ for MeHg exposure. The central nervous system
effects are neuronal death leading to impairment of cognitive, motor, and sensory functions. The
evidence for MeHg being carcinogenic is inconsistent and inconclusive (National Research
Council, 2000). The responses to MeHg exposure are variable and uncertain.

The NRC determined that the population at the highest risk is children of women who consume
large amounts of fish and seafood during pregnancy. The developing brain of the fetus is most
susceptible to mercury poisoning. The NRC recommended a reference dose (RfD) of 0.1 pg/kg
per day to protect pregnant women and developing fetuses based upon the available toxicity data.
The NRC applied uncertainty factors of 3 each-3 pharmacokinetic variability and uncertainty and
3 for pharmacodynamic variability and uncertainty to the data, choosing an overall factor of 10
to arrive an overall factor of 10, to arrive at the RfD of 0.1 pg/kg per day (EPA 2001 IRIS,
http://www.epa.gov/iris/subst/0073.htm).

5.2 DIMETHYL MERCURY EMISSIONS
Mercury compounds are widely used and they are commonly disposed of in municipal
incinerators and landfills. Inorganic mercury under anaerobic conditions common in landfills
can be transformed into methylated forms (Compeau and Bartha, Sulfate Reducing Bacteria:
Principle Methylatros of Mercury in Anoxic Estuaring Sediments, 1985). Limited studies have
been conducted looking at emissions of DMM from landfills. Lindberg et al., in Methylated
Mercury Species in Municipal Waste Landfill Gas Sampled in Florida, USA, 2001, found mean
concentrations of 30 ng/m3 in landfill off gases in Florida. Seven landfills in Washington state
were studied and landfill gas concentrations were found to be between 7.1 and 46.1 ng/m3

(Gallagher and Bennett, Determination of Total and Dimethyl Mercury in Raw Landfill Gas with
Site Screening for Elemental Mercury at Eight Washington State Landfills for the Washington
State Department of Ecology, 2003).

5.3 BACKGROUND CONCENTRATIONS
Only a limited number of atmospheric measurements of DMM have been made. Measurements
of DMM were made in Antarctica and are shown in Table 5 (de Mora et al., Baseline
Atmospheric Mercwy Studies at Ross Island, Antarctica, 1993).
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Table 5. Results from 196 Measurements of Atmospheric DMM in Antarctica.

Measurement Concentration (ng/m 3)
Mean 0.04

Standard Deviation 0.08

Standard Error 0.01

Maximum 0.63

Minimum 0.00

An unknown number of ambient air concentrations in Seattle, Washington were measured to be

0.003±0.004 ng/m 3 (Prestbo et al., A Global View of the Sources and Sinksfor Atmospheric

Organic Mercury, 1996). Due to very limited data there are large uncertainties in background

concentrations. The peak modeled 24-hour concentration is 7.7E-08 pIg/m 3, much lower than the

measured background concentrations. Due to the much larger background concentrations

including the background concentration in this analysis would increase the health risk and not

provide any project-attributable information.

5.4 ATMOSPHERIC FATE
Limited data is available about the concentration, fate, and transport of DMM in the atmosphere
partly due to the very low concentrations and instrument detection limits. Reaction rate studies
have shown that DMM will react with chlorine atoms (Cl), the hydroxyl radical (OH), the nitrate
radical (NO3 ), ozone (0;), and fluoride radicals (F) (Sommar et al, Rate of Reaction Between the
Nitrate Radical and Dimethyl Mercury in the Gas Phase, 1997). The reactions of DMM and Cl,
OH, and NO3 are the most dominant in the atmosphere. Given the atmospheric radical
concentrations, the lifetime of DMM in the atmosphere ranges from roughly 1 to 100 hours
(Sommar et al, 1997). Table 6 shows the lifetime of DMM in the atmosphere and the reaction
products. Based upon this data the DMM from the Hanford Site is predicted to remain the
vicinity of the Hanford Site. Therefore, no other forms of DMM were analyzed.

Table 6: Atmospheric Lifetime of DMM and Hg Containing Products.

Oxidant Lifetime (hours) Hg Products Reference

Cl 1 - 100 CH1HgCI Niki et al. 1983

OH 1.2 - 30 None detected Niki et al. 1983

NO 3  0.8-150 Hg or HgO Niki et al. 1983

03 80,000 - 1,100,000 HgO Sommar et al. 1996
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6.0 SENSITIVE POPULATION ANALYSIS

The area around Hanford has been restricted from public access since 1943 when the residents of

the area were moved offsite. There are a limited number of people living even within 10 miles

of the HMS (located near the center of the site between the 200 West and 200 East Areas). A

report of the population and demographics of people living around the Hanford site was

conducted in 2004 based upon the 2000 Census (PNNL-14428, Hanford Area 2000 Popudation,

2004). The report analyzed the areas within 80 km (50 mi) of selected sites at Hanford. For this

analysis the HMS was chosen. Based on the 2000 census data there are approximately 486,300

people living within 80 km (50 mi) of the HMS. The resident population within 10 miles of

HMS is estimated to be 23 people and 10,400 people are within 20 miles. Figure 14 shows the

major towns and cities in the vicinity of the Hanford Site. Figure 15 shows the resident

population within 50 miles of the HMS by direction and distance, each circle representing a 10-

mile radius from HMS.

Figure 16 shows the land use and zoning for Benton County to the south and west of the Hanford

Site. Figure 17 show the land use and zoning for Franklin County and Figure 18 shows the land

use and zoning for Grant County. Based upon the AERMOD modeling results the area to the

west of the and south were the highest concentrations are is zoned agricultural.

The point of maximum impact along Highway 240 to the south and west of the 241-SY Tank

Farm was chosen for the 30 year mother-child exposure scenario and the nearest resident was

chosen for the 70 year exposure scenario. The mother-child scenario is conservative since no

one lives at that location and it was assumed that the peak concentration and deposition for 24-

hours was the concentration for 30 years. The resident exposure also used the peak 24-hour peak

concentration and deposition. The project is only scheduled to last 40 years and emissions were

assumed to be at their maximum.
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Figure 15. Map of the Hanford Site with Nearby Cities and Towns.
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Figure 16. Resident Populations within 50 Miles of the HMS in 10-mile Increments.
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Figure 17. Benton County Land Use and Zoning Map.
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Figure 18. Franklin County Land Use and Zoning Map.
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Figure 19. Grant County Land Use and Zoning Map.
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7.0 EXPOSURE ESTIMATION

Ecology and DOE decided that inhalation and ingestion pathways of exposure needed to be
investigated (10-ESQ-378). Since DMM is not water soluble, it was agreed that the water and
fish intake pathway would not be investigated. The health risk assessment protocol followed
was The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk
Assessments (Hot Spots) written by the California EPA in 2003.

Two scenarios were analyzed the mother-child pathway with the mother and child living along
Highway 240 to the south and west of the 241 -SY Tank Farm at the offsite receptor with the
highest ambient concentration and deposition. To assess the mother-child pathway it was also
assumed that the mother and child lived at that location for 30 years. The peak 24-hour
concentration and deposition values were used to assess the 30-year exposure.

The second scenario analyzed was a person living at the site of the highest residential exposure
to the west of the 241-SY Tank Farm for 70 years. The peak 24-hour concentration and
deposition values were used to assess the 70-year exposure. Both scenarios were compared to
the RfD to determine the most conservative exposure.

7.1 ESTIMATION OF EXPOSURE THROUGH INHALATION
The inhalation exposure to DMM was estimated using the CaliforniaEPA, guidance from 2003.
Equation 5.4.1 was used to estimate the inhalation dose, is shown as Equation 1. The inhalation
dose is a function of the air concentration and the respiration rate as defined in the following
equation:

(1)

Where:
Doseinh = Dose through inhalation (mg/kg/d)
Cair = Concentration in air (pg/m3)
DBR = Daily breathing rate (L/kg body weight - day)
A = Inhalation absorption factor (unitless)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
AT = Averaging time period over which exposure is averaged in days

The CaliforniaEPA recommended values for Equation 1 are:
DBR = 271 L/kg body weight/day
A =1
EF =350 days
ED =30 and 70 years
AT = 10,950 and 25,550 days

The modeling results show a peak 24-hour air concentration of 7.7E-08 ptg/m 3 located along
Highway 240 to the south and west of the 200 West Area.
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(2)

The result of Equation 2 for the mother-child scenario is an inhalation dose of 2.OE- 11 mg/kg
body weight per day which is 2.OE-08 pg/kg body weight per day. The result for the 70 year
scenario is an inhalation dose of 7.3E-13 mg/kg body weight per day which is 7.3E-10 pg/kg
body weight per day.

7.2 ESTIMATION OF EXPOSURE THROUGH INGESTION

The human exposure through food ingestion depends upon the amount of DMM that deposits on
the plant while it is growing as well as the amount of DMM in the soil that the plant roots
uptake. Next the human exposure depends upon the consumption of those plants. To calculate
the human exposure it is first necessary to calculate the plant concentration.

The first step in the plant ingestion calculation is the estimation of the soil concentration. The
CalifomiaEPA guidance equation 5.32.A is:

(3)

Where:

CS = Average soil concentration over the evaluation period (pIg/kg)

Dep = Deposition on the affected soil area per day (pg/m2 * day)

X = Integral function

SD = Soil mixing depth (m)

BD = Soil bulk density (kg/M3)

The DMM deposition is from the AERMOD modeling results as explained above. The peak 24-

hour deposition value was 1.9E-05 pg/m 2 day in 2005 located along Highway 240 to the south

and west of the 241-SY Tank Farm. For the purposes of this analysis it was assumed that the

most sensitive person was growing his/her garden at that location. For the nearest resident the

deposition was 1.OE-06 pg/M2 day in 2005. The CaliforniaEPA recommended values for the SD

is 0.15 m for an agricultural setting and the BD is 1,333 kg/m-.

The integral function described in Equation 3 is described in Equation 4 below:

(4)

Where:

K, = Soil elimination constant

Tf = End of evaluation period (day)

To = Beginning of evaluation period (day)

Tt = Total days of exposure [Tf - T.] (days)
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Using a 30-year exposure period the number of days for the total exposure is 10,950 assuming

that the exposure began on day zero. Using a 70-year exposure period the number of days for

the total exposure is 25,550 assuming that the exposure began on day zero. The soil elimination

constant is given by equation 5.3.2 D in the CaliforniaEPA document as:

(5)

Where:
0.693

to F

= Natural log of 2

= Chemical specific soil half life (days)

The soil specific half-life for DMM could not be found in the literature. Therefore Table 5.3 in

the CaliforniaEPA manual was used for inorganic mercury as 1E+08 days. The soil elimination

constant then becomes:

(6)

The value of Ks is therefore 6.9E-09 /days. The integral function for the 30-year exposure then

becomes:

(7)

The integral function is 0.42 for the 30-year exposure and 2.3 for the 70-year exposure. To

calculate the soil concentration using Equation (3) the 30-year exposure calculation is:

(8)

The 30-year exposure soil concentration of DMM is 5.2E-04 pg/kg assuming that the peak 24-

hour deposition rate occurred over all 30 years of the analysis period. The 70-year exposure soil

concentration of DMM is 6.4E-05 pg/kg assuming that the peak 24-hour deposition rate occurred

over all 70 years of the analysis period.

Based upon the soil concentration it is possible to calculate the plant concentration. The two

pathways for the DMM to enter the plant are direct deposition and through uptake of the roots.

To calculate the root uptake the CaliforniaEPA manual suggests the following equation:
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(9)

Where:

UF 2  = Uptake factor based upon soil concentration

The CaliforniaEPA manual lists an equation for calculating UF 2 for organic compounds, but the

equation requires an octanol water partition factor as well as an organic carbon partition

coefficient that could not be found in the literature. Therefore the octanol water partition

coefficient for inorganic mercury was used. The highest root uptake factor was for leafy

vegetables at 9.OE-02. The 30-year exposure calculation is:

(10)

The calculated 30-year exposure root uptake concentration is 4.7E-05 pg/kg. The calculated 70-

year exposure root uptake concentration is 5.7E-06 pg/kg. Next the deposition concentration of

the plant is needed to calculate the total burden of DMM in the plant.

The equation for the deposition onto plants from the CaliforniaEPA manual is:

(11)

Where:

IF = Interception fraction (unitless)

K = Weathering constant (days-)

Y = Yield (kg/m 2)
T = Growth period (days)

The CaliforniaEPA guidance recommended values for the interception fraction for leafy crops is

0.2 the weathering constant is 0.1 days - and the growth period is 45 days. The 30-year

exposure calculation is the following:

(12)

The 30-year exposure plant concentration due to deposition is then 1.9E-05 tg/kg, the total plant

concentration is 6.6E-05 pg/kg. The 70-year exposure plant concentration due to deposition is

then 9.9E-07 tg/kg, the total plant concentration is 6.7E-06 pg/kg.
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To calculate the dose from ingestion of plants equation 5.4.3.3.a C in the CalifomiaEPA

guidance was used as shown below:

(13)

Where:

Cf = Concentration in plant (pig/kg)

IP = Consumption of produce (g/kg*day)

GRAF = Gastrointestinal relative absorption factor

L = Fraction of produce homegrown

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

10-6 = conversion factor (ptg/kg to mg/g)

AT = Averaging time for exposure (days)

The 30-year exposure plant concentration is 6.6E-05 (pg/kg). The 70-year exposure plan

concentration is 6.7E-06(pg/kg). The CaliforniaEPA recommended high end value for leafy

produce is 10.6 g/kg body weight per day. A gastrointestinal absorption factor of one (i.e.

assumes all DMM is absorbed into the body) was used as well as a factor of one for the fraction

of produce homegrown. The exposure frequency was 350 days per year and the exposure

duration was 30 years and 70 years. The averaging time for 30 years was 10,950 days and for 70

years it was 25,550. The 30-year estimated plant ingestion dose is 6.7E-10 mg/kg body weight

per day. The 70-year estimated plant ingestion dose is 6.8E-1 1 mg/kg body weight per day.

7.3 ESTIMATION OF TOTAL EXPOSURE

The 30-year exposure total inhalation dose is 2.OE-08 pig/kg body weight per day and a total

ingestion dose of 6.7E-07 jig/kg body weight per day the total dose is 6.9E-07 pg/kg body

weight per day. The 70-year exposure total inhalation dose is 7.3E-10 pg/kg body weight per

day and a total ingestion dose of 6.8E-08 pg/kg body weight per day the total dose is 6.9E-08

pig/kg body weight per day.
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8.0 COMPARISON OF ESTIMATED EXPOSURE TO RISK

Hazard quotients were calculated for the maximally exposed individual including the residential,

workplace and school receptors. A hazard quotient (HQ) is the ratio of the potential exposure of

a person to a substance compared to the exposure level at which health effects are not expected.

Based on the reference dose recommended for MeHg of 0.1 ptg/kg body weight per day (NRC,

2000) and the 30-year exposure total dose of 6.9E-07 ptg/kg body weight per day the HQ is 6.9E-

06 pig/kg body weight per day. The 70-year exposure total dose of 6.9E-08 pig/kg body weight

per day the HQ is 6.9E-07. The 30-year and the 70-year exposure scenarios are well below the

value of one indicating that the toxicological effects from DMM emissions from the 241-SY,
241 -AP, and 241 -AY/AZ Tank Farm ventilation systems upgrades is very low.
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9.0 UNCERTAINTY ANALYSIS

Multiple factors of this HIA analysis contain uncertainty related to the lack of exact knowledge

regarding the assumptions made to estimate the human health impacts. Due to the lack of

toxicity data concerning DMM, there is a large uncertainty in the impacts resulting from

exposure to DMM. Uncertainty can overestimate or underestimate the health risk.

9.1 RISKED BASED EXPOSURE CONCENTRATION

Very few instances of DMM exposure have been documented and those documented instances

have been fatal therefore a dose response relationship has not been developed. For this analysis

MeHg RfD was used since a RfD has been developed based upon a few studies. Since one study

showed that DMM is converted in the MeHg (Ostlund, Studies on the Metabolism of Methyl

Mercury in Mice, 1969). It was therefore concluded that the RfD for MeHg would be the best

alternative RfD. The uncertainty is using a MeHg RfD instead of a DMM RfD is difficult to

quantify due to a lack of data.

The MeHg developed by the NRC in 2000 listed two main categories of uncertainty: 1)
biological variability in dose estimation and 2) data insufficiencies. The NRC applied a factor of

2-3 to account for biological variability and did not come up with a number for data

insufficiencies but concluded that the overall uncertainty factor should be no less than 10.

9.2 EXPOSURE UNCERTAINTY
It is difficult to assess the length of time that people will be exposed to DMM emissions. The

point of maximum exposure that was selected for this health impact analysis was along Highway

240, and it was assumed that someone lived at that location for the lifetime of the project. This

assumption would overestimate the exposure.

The assumption that the DSTs would be mixed for the entire year would over estimate the

exposure. It was also assumed that these three tank farms had DMM at the highest concentration

found in all of the tanks, but only ten tanks have been found to have DMM.

The background level of DMM is also very uncertain due to its low atmospheric concentration

and the limited number of measurements made.

9.3 EMISSIONS UNCERTAINTY
The exhauster emission estimates were based upon historical measurement data. The low

concentrations of DMM in the headspace are near the analytical detection limits, so the

uncertainty in the measurements leads to uncertainty in the emissions. The assumptions in these

emission estimates represent a worst case situation.

9.4 AIR DISPERSION MODELING UNCERTAINTY
The transport and dispersion of pollutants in the atmosphere is complex and models developed to

make many assumptions to solve the dispersion equations. Differences in the wind field over the
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modeling domain can have large impacts on the modeled concentration. AERMOD is a

regulatory model and is designed to be conservative in its estimate of concentrations.

42



RPP-ENV-4823 1, Rev. 0

10.0 CONCLUSIONS

A screening level risk assessment was conducted to detennine whether the operation of 241 -SY,

241 -AP and 241 -AY/AZ Tank Farm ventilation systems at the Hanford Site in south central

Eastern Washington would likely threaten the surrounding area due to DMM emissions. A

number of conservative assumptions were made to estimate the risk, so the potential impacts are

likely overestimated.

* The emissions from the exhausters were assumed to be at the highest emission rate

from all tanks in the three tank farms. Only 10 of the 177 tanks have had detectable

concentrations of DMM. The tanks were assumed to have the peak emission rate for

the entire year. The tanks will only be mixed periodically when waste transfers are

occurring.

" Two exposure scenarios were analyzed. First a 30-year exposure to a mother and

child was analyzed at the point of highest atmospheric concentration and deposition

along Highway 240. They were assumed to live at that location for 30 years. Second

a resident living for 70 years was analyzed at the nearest residence 8.4 miles from the

241-SY Tank Farm.

" The ingestion rates were assumed to be the maximum according to guidance from the

CaliforniaEPA guidance.

" The maximum 24-hour concentration and deposition rates were assumed to be

occurring for the entire 30 and 70 years of the analysis.

* The RfD used for the risk calculations includes a factor of 10 uncertainty factor to

ensure that the hazard index is not underestimated.

These conservative assumptions made in this HIA resulted in an overestimation of the potential

health impacts from DMM emissions. The calculated hazard quotient for a mother-child 30-year

exposure is 6.9E-06, a level well below that threshold value of 1.0. The calculated hazard

quotient for a 70-year resident exposure is 6.9E-07, a level also well below that threshold value

of 1.0. Both of these hazard quotients indicate that DMM emissions from the proposed new

exhausters should not pose any threat to the public.
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U.S. Department of Energy

P.O. Box 450, MSIN H6-60

SATESO Richland, Washington 99352

10-ESQ-378

NOV 0 9 2810 1003862

Mr. D. Ogulei
Air Quality Program
Washington State
Department of Ecology
P.O. Box 47600
Olympia, Washington 98504

Dear Mr. Ogulei:

HEALTH IMPACTS ANALYSIS (HIA) FOR THE WASTE FEED DELIVERY EXHAUSTER
UPGRADE PROJECTS FOR THE HANFORD DOUBLE-SHELL TANK (DST) SYSTEM

Thank you for coming to the Hanford Site to meet with us on September 14, 2010, to discuss the
Waste Feed Delivery Exhauster Upgrade Projects for the Hanford DST System HIA. The DST
exhauster upgrades are an important element to providing Hanford Tank waste feed to the Waste
Treatment and Immobilization Plant for vitrification and safe environmental disposal, and this
work is being accomplished by funding made available under the American Recovery and
Reinvestment Act.

The primary purpose of the meeting was to continue discussions on the process for development
and submittal of a HIA required for approval of the DST exhauster Notice of Construction
(NOC) application. Meetings were held on November 17, 2009, and June 18, 2010 in Lacey,
Washington, which formed the basis for the pre-application conference as established by the
Washington State Department of Ecology's (Ecology) guidance document (publication number
08-02-025, dated May 2009) for "First and Second Tier Review of Toxic Air Pollution Sources
Health Impact Analysis." All meetings were conducted between Ecology, U.S. Department of
Energy, Office of River Protection (ORP), and Washington River Protection Solutions LLC
(WRPS) staff. At the November 17, 2009, meeting, discussions centered on an approach for
conducting a HIA for only the SY DST exhauster. After further consideration, ORP and WRPS
believe it is prudent to include all the currently proposed DST Exhausters in the analysis. This
would include three exhauster systems: 1) 241-SY DST Farm; 2) 241-AP DST Farm; and
3) 241-AY/AZ DST Farms.

As discussed at the June 18, 2010, meeting, attached you will find the outline of information that
is to be included in the HIA. Also included are specific areas that Ecology had indicated in the
November 17, 2009, meeting, as being necessary for the development of the HIA. At the
September 14, 2010, meeting, Ecology was provided the preliminary results obtained following
the protocol outlined in the attachment to this letter. The HIA will be based on the performance
specifications for the DST Exhauster Systems. ORP appreciates the offer to meet with WRPS
staff to informally review the progress and content of the HIA prior to formal submittal for your
Agency's approval.
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Mr. D. Ogulei
i0-ESQ-378 OV 0 9 2010

As agreed at the June 18, 2010. meeting, Ecology's Disposal Facility, located within the Hanford
Site, will not be considered as an offsite receptor, as access to this site is controlled in the same
manner as access to any other portions of the Hanford Site.

ORP would also like to consider how the results of this assessment can be applied to future NOC
application revisions and submittals for all Hanford Site Tank Farm operations.

ORP would appreciate a response that the attached correctly outlines the guidance for a Second
Tier Analysis.

If you have any questions, please contact me, or your staff may contact Thomas W. Fletcher,
Tank Farms Project, (509) 376-3434.

Sincerely,

D d A. Brockman. Manager
ESQ:DWB ffi of River Protection

Attachment

cc: See page 3
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Mr. D. Ogule -3-NOV 09 201
10-ESQ-378

cc w/attach:
D. W. Hendrickson, Ecology
0. S. Wang, Ecology
N. A. Homan, FHI
Administrative Record
13NI Correspondence
Environmental Portal, LMSI
WRPS Correspondence

cc w/o attach:
B. G. Erlandson, BNI
J. Cox, CTUIR
S. Harris, CTUIR
B. Becker-Khaleel, Ecology
K. A. Conaway, Ecology
S. L. Dahi, Ecology
S. L. Derrick, Ecology
J. J. Lyon, Ecology
D. Bartus, EPA (Region 10, Seattle)
D. Zhen, EPA (Region 10, Seattle)
G. Bohnee, NPT
K. Niles, Oregon Energy
D. Jackson, RL
J. Martell, WDOH
J. C. Allen-Floyd, WRPS
W. T. Dixon, WRPS
J. W. Donnelly, WRPS
A. B. Dunning, WRPS
T. A. Erickson, WRPS
L. D. Garcia, WRPS
A. M. Hopkins, WRPS
G. J. Johnson, WRPS
F. Miera, WRPS
L. L. Penn, WRPS
B. P. Rumburg, WRPS
D. H. Shuford, WRPS
S. M. Sax, WRPS
R. J. Skwarek, WRPS
C. G. Spencer, WRPS
R. D. Wojtasek, WRPS
R. Jim, YN
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Attachment
10-ESQ-378

(3 Pages)

OUTLINE FOR THE HEALTH IMPACTS ANALYSIS SUBMITTED
TO ECOLOGY FOR THE TIER II REVIEW AND APPROVAL FOR

THE WASTE FEED DELIVERY DOUBLE-SHELL TANK
EXHAUSTER UPGRADES NOTICE OF CONSTRUCTION

APPLICATION
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OUTLINE FOR THE HEALTH IMPACTS ANALYSIS SUBMITTED TO ECOLOGY FOR
THE TIER II REVIEW AND APPROVAL FOR THE WASTE FEED DELIVERY DOUBLE
SHELL TANK (DST) EXHAUSTER UPGRADES NOTICE OF CONSTRUCTION (NOC)

APPLICATION

June 18, 2010 Lacey meeting participants:

Ecology: Dr. David Ogulei, Clint Bowman, Dr. Matthew Kadlec, Doug Hendrickson

USDOE-ORP/ WRPS: Lori Huffman, Felix Miera, Todd Erickson, Dave Shuford,

Brian Rumburg

September 14, 2010 Richland meeting participants:

Ecology: Dr. David Ogulei, Dr. Matthew Kadlec, Doug Hendrickson

USDOE-ORP/WRPS: Phil Miller, Felix Miera, Todd Erickson, Dr. Brian Rumburg,

James Bingham, Rick Wojtasek

1. Project description:

a. Project details including schedule and duration of the project.

b. Maps of the sources and the surrounding affected areas and the distances to nearby

impacted residences, businesses/occupational (LIGO and Energy Northwest facilities),
roadways, water bodies.

NOTE: It was agreed that the US. Ecology Disposal Facility is not considered an off-site

receptor as their employees are considered co-located and are badged by USDOE;
access to the U.S. Ecology Facility is controlled the same as access to any other portion

of the Hanford Site.

c. Location of emission points.

2. Hazard identification:

a. A list of the maximum concentration (in ambient air) of all new or modified emissions of

toxic air pollutants (TAPs).

b. A comparison of the TAPs to the acceptable source impact level (ASIL).
c. A physical description of all TAPs in excess of the ASIL.
d. The transport and fate in the environment of the TAPs in excess of the ASIL.
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3. Modeling methods and results:

a. AERMOD model details.

b. Source, dates, and data quality of meteorological data used - Use 5 year meteorological

data.

c. The averaging periods for the modeling results will include the highest 1 hour, day and I

year.

d. Geographical area modeled and grid spacing.

e. Modeling results including contour plots.

4. Identification of potentially exposed populations and susceptible subpopulations:

a. Locations and distances from the source to the following exposed people:

i. Residentially maximally exposed individual.

ii. Any sensitive sub-population maximally exposed individual.

iii. The offsite occupationally maximally exposed individual including exposures at

Highways 24 and 240.

5. Exposure assessment:

a. Identification of the TAP exposure pathways.

b. Development of a total daily intake attributable to the source.

c. Background concentration estimates.

6. Toxicity:

a. Description of the toxic effects and exposure levels from the available scientific

literature.

b. Exposure duration and pattern of exposure of toxic effects studies.

c. Quantitative chronic toxicity values.

d. Quantitative short-term toxicity values.

e. Consider confounding effects on studies cited.

7. Risk/hazard assessment:

a. The benefits to society from the project.

b. Qualitative discussion of the risks.

c. Quantitative discussion of the risks and the toxicity.

d. Discussion of the modeling uncertainties. (NOTE. Need to include a narrative discussion

in this section even ifprojected concentrations are at very low levels)

i. Emissions uncertainties.

ii. Exposure uncertainties.

iii. Toxicity uncertainties.

2
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e. Discussion of the acceptability of the risk with regard to the documented studies and to

WAC 173-460.

f Discussion of potential impacts of exposure to human health based on documented

studies (e.g., studies provided by Ecology in item #6 above) and WAC 173-460 as

appropriate.

3
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
PO Box 47600 o Olympia, WA 98504-7600 a 360-407-6000

711 for Washington Relay Service - Persons with a speech disability can call 877-833-6341

November 24, 2010

Mr. David A. Brockman, Manager
Office of River Protection
U.S. Department of Energy
PO Box 450, MSIN H6-60
Richland, WA 99352

Dear Mr. Brockman:

The Department of Ecology (Ecology) has reviewed the Health Impacts Analysis (HIA) outline
for the Hanford Waste Feed Delivery Double Shell Tank Exhauster Upgrade Project. The HIA
outline was submitted to comply with the requirement for a HIA protocol as codified at
Washington Administrative Code (WAC) 173-460-090(c). We received the outline on
November 15, 2010.

Our comments on the HIA protocol are as follows.

General Comments

1. The protocol provides a detailed list of infornation to be included in the HIA. If all of
the information promised in the protocol is presented in the HIA, Ecology believes that
the HIA would be nearly complete when submitted. We commend you for taking an
extra effort in providing a complete HIA for our review.

2. The submitted HIA protocol is very generic and makes few specific references to the
project being proposed. For example, 4.a.ii. identifies "[amny sensitive sub-population
maximally exposed individual" but does not clarify that this individual is likely to be a
first trimester fetus that could be present. Note that while the HIA protocol can be
generic, the HIA itself must be project-specific and more detailed than the protocol.

Specific Comments

Several items were not identified in the outline. The following items must be discussed or
provided in the HIA:

1. A table that compares emission rates to Small Quantity Emission Rates (SQERs) of all
the toxic air pollutants to be emitted.

2. A land-use zoning map for the area surrounding the Hanford facility.
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Hanford Waste Feed Delivery Double Shell Tank Exhauster Upgrades Page 2 of 2

Second Tier Review HIA Protocol Comments
November 24, 2010

3. A brief discussion of the proposed Best Available Technology for toxics (tBACT),
including the resulting emission rates for each pollutant evaluated in the HIA.

4. A discussion on the appropriateness of the chosen emission factors.
5. A discussion of the air quality permitting history of the facility.
6. All applicable items'identified in the enclosed HIA completeness checklist.

7. All of the information identified in the HIA protocol you submitted.

Upon inclusion of the above items into the HIA protocol, you may proceed with final preparation

of the HIA. You do not need to re-submit the protocol if you will be incorporating the above

identified items into your HIA.

The outline submitted on November 15, 2010 is approved subject to the inclusion of the above

identified items in the final HIA.

If you have any questions concerning this letter, please contact me at (360) 407-6803 or

david.oguleigecy.wa.gov.

Sincerely,

aid Og ei, Ph.D.,
Air Quality Program

DO:lb

Enclosure

cc: Matthew Kadlec, AQP, Ecology
Douglas Hendrickson, NWP, Ecology
Brian Rumburg, WRPS
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APPENDIX B

RPP-RPT-44009, Spreadsheet Description Document for Non-Rad Air Source Term for

241-SY Farm and 241-AP Farm Primary Ventilation System Upgrades

48
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ENGINEERING CHANGE NOTICE 1a. ECN 10-000697 R 0

Page 1of 2 0 DM ] FM E TM 1b. Proj. ECN - - R

2. Simple Modification 3. Design Inputs - For full ECNs, record information on the ECN-1 Form (not 4. Date

O Yes [ No required for Simple Modifications) July 17, 2010

5. Originator's Name, Organization, MSIN, & Phone No. 6. PrHA Number 7. USQ Number 8. Related ECNs

Dave Turner No. 01222 No. - - - R- 10-000359, Rev. 0
Mission Analysis Engineering R - 2 N/A N/A
MSIN: B1-55 Telephone: 376-4996
9. Title 10. Bldg. I Facility No. 11. Equipment I Component ID 12. Approval Designator

Revision of RPP-RPT-44009, Rev. 1 N/A N/A N/A

13. Engineering Documents/Drawings to be Changed (Incl. Sheet & Rev. Nos.) 14. Safety Designation 15. Expedited/Off-Shift
ECN?

RPP-RPT-44009, Rev.1, Spreadsheet Description Document E] SC E] SS L GS E N/A [- Yes E No

16a. Work Package Number 16b. Modification Work Completed 16c. Restored to Original Status (TM) 17. Fabrication Support
ECN?

N/A E Yes E No
N/A N/A

Responsible Engineer/ Date Responsible Engineer / Oate

18. Description of the Change (Use ECN Continuation pages as needed)
Deleted Section 6.0, Testing, from document. Added Section 5.0, Test Plan, to document to comply with requirements of TFC-ENGR-
DESIGN-C-32, Spreadsheet Development and Verification

19. Justification of the Change (Use ECN Continuation pages as needed) Engineering Rework LI Yes [ No 20. ECN Category
Training Impact LI Yes E No E Direct Revision

Existing Test Program Worksheet (TWP):LI, Work is TP-3 [I, Test Program providing new TPW LI L Supplemental

Revisions required to comply with requirements of TFC-ENGR-DESIGN-C-32, Spreadsheet Development L Vold/Cancel
and Verification

ECN Type

L Supersedure

Revision

21. Distribution I

Name MSIN Name MSIN

D. H. Shuford B1-55 G. T. Wells E6-32

D. A. Turner B1-55 L. L. Penn R1-51

M. J. Rodgers B1-55 G. M. Crummel Ri-51

R. D. Moerman B1-55 T. A. Erickson R3-26

F. R. Miera E6-32 d

B. P. Rumburg E6-32

E6-32

Release Stamp

AUG 0 2 20
Un-t HANFORD

VTA: RELES2 D

F3s
______________________________ I ________ t. _____________________________ I ________ I

EON 10-000697 R 0 
A-6003-563.i (REV 9)

I i I Nunn I
C. L. SlaCK

ECN 10-000697 R 0 A-6003-563.1 (REV 9)
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ENGINEERING CHANGE NOTICE 1a. ECN 10-000697 R 0

Page 2 of 2 Z DM I] FM []TM 1b. Proj. ECN - - R

22. Revisions Planned (Include a brief description of the contents of each revision)

N/A

Note: All revisions shall have the approvals of the affected organizations as identified in block 12 "Approval Designator,* on page 1 of this ECN.

23. Commercial Grade Item Dedication Numbers (associated with this 24. Engineering Data Transmittal Numbers (associated with this design
design change) change, e.g., new drawings, new documents)
N/A N/A

25. Other Non Engineering (not in HDCS) documents that need to be modified due to this change

Type of Document Document Number Update Completed On Responsible Engineer (print/sign and date)

Alarm Response Procedure N/A

Operations Procedure N/A

Maintenance Procedure N/A

N/A

26. Field Change Notice(s) Used? NOTE: ECNs are required to record and approve all 27. Design Verification Required?

Yes Z No FCNs issued. If the FCNs have not changed the El Yes 0 No
If 0, Ronginal design media then they are just incorporated
If Yes. Record Information on the ECN-2 Form, into the design media via an ECN. If the FCN did If Yes, as a minimum attach the one
attach form(s), include a descnption of the interim change the original design media then the ECN will page checklist from TFC-ENG-
resolution on ECN Page 1, block 18, and identify include the necessary engineering changes to the DESIGN-P-17.
permanent changes. original design media.
28. Approvals
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1.0 Objective

The purpose of this document is to describe the spreadsheet developed to estimate toxic air
pollutant emissions from double-shell tank (DST) farm exhausters during waste feed delivery
operations. These exhausters provide a central discharge point for ventilation air from all of the
tanks in a DST farm. This spreadsheet provides estimates of unabated emissions for the
development of the Best Available Control Technology for Toxics (tBACT) analysis and Notice
of Construction (NOC) permit application for the tank farm exhausters. The exhausters are
being upgraded to support waste feed delivery to the Waste Treatment and Immobilization Plant
(WTP).

Toxic air pollutants listed in Washington Administrative Code (WAC) 173-460-150 (September
2009) were compared to the tank headspace data in the Tank Waste Information Network System
(TWINS). During operations to deliver waste feed to the WTP, all SST waste will be transferred
to DSTs and DST waste will be mixed for acceptance by WTP. The potential release of each
toxic air pollutant, in units of grams per second, is calculated from the product of headspace
concentration and headspace ventilation flow rate. After calculating the highest potential release
rate of each toxic air pollutant, the release rates from a hypothetical "worst case" tank are
determined assuming that the waste responsible for each of the highest release rates is present in
this tank. Further, for potential releases from a DST farm, it is assumed that each tank in the
farm is a "worst case" tank. The release rate is further adjusted assuming that waste disturbing
activities (for example, waste transfers, waste receipts or waste mixing operations) result in a
headspace concentration a factor of ten higher than would exist in a tank with quiescent waste
conditions. Each tank farm is assumed to include two tanks with waste disturbing activities and
the remaining tanks with quiescent waste conditions. Finally, the estimated total release of each
toxic air pollutant is compared to the respective regulatory trigger levels in WAC 173-460-150.

In summary, the non-radioactive air source term described herein represents a constant,
maximum release rate from a single "worst case" DST with quiescent waste. This release rate is
scaled upward to account for the presence of each tank in the farm and any waste disturbing
activities taking place within the farm.

NOTE: because of the methodology employed to develop the non-radioactive air source
term described in this document, the source term is applicable to primary ventilation
system upgrades in all Hanford Site DSTfarms. The document title addresses only the
241-SY and 241-APFarms. This is based on two considerations. First, these two tank
farms are the first scheduled to receive primary ventilation system upgrades. Secondly,
241-AP Farm establishes bounding source term conditions.

NOTE: 241-AP Farm establishes bounding source term conditions. It is assumed (refer
to Assumption 5 below) that no more than two tanks in a DSTfarm have waste disturbing
activity occurring simultaneously, while the remaining tanks experience quiescent waste
conditions. 241-AP Farm bounds the non-radioactive air source term because it includes
more tanks (8) than any other DSTfarm, resulting in the largest tank farm scaling factor
(the multiplier used to estimate the total release from a DSTfarm based on the release
from a "worst case" DST). This assumes waste disturbing activity in two 241-AP Farm
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tanks (release rate of each = 10 times quiescent waste release rate) plus quiescent waste

conditions in the remaining six 241-AP Farm tanks (release rate for six tanks = 6 times

quiescent waste release rate) for a total 241-AP Farm release rate of 26 times quiescent

waste release rate. This scaling factor bounds the release rates for all Hanford Site DST

farms.

1.1 Background
Washington Administrative Code Title 173, Department of Ecology, Chapter 460, Controlsfor

New Sources of Toxic Air Pollutants, Section 150, Table ofASIL, SQER and De Minimis

Emission Values (WAC-173-460-150) provides a list of hazardous chemicals regulated as toxic

air pollutants in the State of Washington. The Tank Waste Information Network System

(TWINS) includes analytical results from tank headspace vapor sample analyses. Both WAC-

173-460-150 and TWINS list chemicals by common name and by Chemical Abstract Service

registration number (CAS #). CAS #s were used to compare the TWINS sample analysis results

with WAC-173-460-150. The list of toxic air pollutants in WAC-173-460-150 was first sorted

by CAS # to match the listing of CAS #s found in TWINS. In addition, TWINS data for seven

metals were identified based on Common Name (CAS #s not given in WAC 173-460-150).

The TWINS headspace vapor sample analysis results were compared to the WAC-173-460-150

list. The sample analysis results for each of the toxic air pollutants were extracted from TWINS

as Excel® worksheets. Each toxic air pollutant listed in TWINS has, at a minimum, a single

sample result, with many toxic air pollutants having more than a thousand sample results. For

each toxic air pollutant, the maximum concentration was selected for comparison with WAC-

173-460-150. Approximately 90 chemicals reported in TWINS are listed in WAC-173-460-150
as toxic air pollutants. The headspace sample results include, among other data, the following

information:

" Tank Name - Identifies the tank where the sample was taken

" Chemical Name - Identifies the common name of the chemical analyzed

" Molecular Weight - Identifies the molecular weight of the chemical

" Chemical ID - CAS number

" Reported Value - The reported value

" Units - The units of the reported value

" Concentration - mg/M3 as measured at 25 *C

The sample results also include quality assurance data about the sample including sampling and

analysis methodologies, sampling and analysis date and time and any qualifications to the data.

For some toxic air pollutants, the sampling resulted in a determination that the measurement was

less than the value representing the measurement limit of the analysis (detection limit).

2.0 Input Data

Input data for the spreadsheet includes:
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" TWINS data downloaded during September and October 2009 (Vapor/Headspace
Sample Analysis/Analysis Results)

" Information from WAC 173-460-150

" Dispersion factors from AERMOD dispersion calculations for the Hanford Site

" SST passive ventilation rates listed in HNF-3588, Rev. 1

" A tank farm scaling factor (multiplier), based on RPP-12735 Rev. OB, to estimate tank
farm release rates during waste disturbing activities.

3.0 Assumptions
Assumption 1:

When only a detection limit ("less than" value) is reported in TWINS for an
analyte, and when the detection limit represents the maximum value for the
analyte, the detection limit is assumed to be equal to a reported value.

NOTE: in the event this methodology resulted in the "Local Release " exceeding
the de minimis value, the calculation results were assessed for applicability (refer
to Treatment of Carbon Monoxide Data in Section 7.0).

Assumption 2:

Toxic air pollutants were measured over quiescent waste in a ventilated tank
(passively ventilated for SSTs and actively ventilated for DSTs and DST
ventilation systems). A constant steady state release rate of toxic air pollutants
from tank waste is assumed as long as the waste in the tank remains quiescent.

Assumption 3:

SSTs are passively ventilated. Passive SST ventilation flow rates were obtained
from HNF-3588 Rev. 1. For tanks not listed in HNF-3588 Rev. 1, or where the
tanks listed in HNF-3 588 Rev. I are known to have previously been actively
ventilated, ventilation flow rates from a similar type SST are used. DST
ventilation systems are assumed to have a flow rate of 1000 ft3/min. All DST's in
a tank farm are assumed to have the same ventilation flow rate, so the ventilation
flow rate through a DST equals 1000 ft3/min divided by the number of tanks in
the farm.

Assumption 4:

Based on mixer pump tests in DST 241 -AZ-101, it is assumed that headspace
concentrations increase by a factor of 10 during waste disturbing activities. Of
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the compounds analyzed for in tank 241-AZ-10 I's headspace during mixer pump
operations, toluene was found to have the highest release factor, a factor of 7.5.
This release factor was rounded to 10 for conservatism (RPP-12735 Rev. OB)

Assumption 5:

It is assumed that no more than two tanks in a DST farm have waste disturbing
activities (waste transfers, waste receipts or waste mixing operations) occurring
simultaneously; the remaining tanks have quiescent waste conditions.

Assumption 6:

It is assumed that the waste which results in the largest potential release of each
toxic air pollutant is contained in all of the tanks in a DST farm. Therefore, 241-
AP Farm bounds the non-radioactive air source term because this farm includes
more tanks (8) than any other DST tank farm.

4.0 Methodology

4.1 TWINS Analysis
WAC-173-460-150 lists toxic air pollutants controlled by the State of Washington. The WAC-
173-460-150 list was converted into an Excel* spreadsheet, and sorted by CAS number for
comparison to TWINS headspace vapor sample data. The TWINS headspace data was then

searched for the CAS numbers in WAC-173-460-150. Each CAS number listed in both WAC-
173-460-150 and the TWINS headspace data resulted in an Excele worksheet listing all
analytical results for that CAS number. In addition, the TWINS database was searched for data
for toxic metals identified by common name in WAC 173-460-150. A worksheet for each of
these toxic metals was then added to the Excel* spreadsheet. Approximately 90 toxic air
pollutants listed in WAC-173-460-150 are found in the headspace data in TWINS, resulting in
approximately 90 worksheets, with each worksheet listing a single toxic air pollutant. In some
cases TWINS lists chemical constituents as a group: for example ethyl benzene is listed as both
ethyl benzene (CAS # 100-41-4) and as ethyl benzene and others (CAS # 100-41-4M). In these
cases both the individual listing and the group listing were compared, and the larger
concentration of the two selected. The extracted TWINS data includes, among other data, the
concentration of the toxic air pollutant (mg/m3 at 25*C) and the tank where the sample was
obtained.

4.2 Tank Flow Rates
DST ventilation flow rates were determined by assuming a flow rate for the tank farm of 1000
ft3/min. The ventilation flow rate for an individual tank was determined by dividing 1000 ft 3/min.
by the number of tanks in the farm (three tanks in SY Farm, two tanks each in AY and AZ
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Farms, six Tanks in AW Farm, seven Tanks in AN Farm and eight tanks in AP Farm). DST
ventilation systems provide a central discharge point for all of the tanks in a farm.

SST flow rates were taken from Table D-4 of HNF-3588, Rev. 1 with two exceptions:
* The ventilation rate shown for tank C-104 (114 m 3/h) is a measured flow rate. At the

time, C-104 was connected to an actively ventilated tank via a 3 inch diameter cascade
line. Since C- 104 is no longer actively ventilated, a ventilation flow rate of 5 ft 3/min. is
assumed.

* SX Farm tanks were actively ventilated with an estimated flow rate of 170 m 3/h. Since
the SX Farm tanks are no longer actively ventilated, a ventilation flow rate of 5 ft3/min. is
assumed.

If not listed in Table D-4 of HNF-3588, Rev. 1, large 100 Series SSTs are assumed to have a
ventilation flow rate of 5 ft3/min, and small 200 Series SSTs and catch tanks a ventilation flow
rate of 1.0 fP/min.

4.3 Emission Rate Calculation
The release of a toxic air pollutant is determined by multiplying the concentration (mg/m 3) of the
toxic air pollutant in the tank's headspace by the ventilation flow rate (fl /min) and converting to
a release rate in g/sec. The worksheets for each toxic air pollutant were sorted to determine the
highest release rate.

For example, consider the release rate of a toxic air pollutant with a concentration of 1
mg/m 3 in the headspace of a SST:

* Headspace concentration = 1 mg/m 3

* SST flow rate = 5 ft3/min
0 1 mg/M3 x 5 ft/min = 5 Mg ft3/m3 min
* 5 mg ft3/m 3 min x (1 g/1000 Mg) x (I m3/35.31 fl) x (1 min/60 sec) = 2.36 x 10-6 g/sec

A further step is required for those toxic air pollutants where the highest concentration is
measured in a DST ventilation system. The release rate from a single tank needs to be
determined. The release rate for a toxic air pollutant where the highest concentration was
measured in a DST ventilation system is divided by the number of tanks in the tank farm. For
example, consider the release rate of a toxic air pollutant with a concentration of 1 mg/m 3 in the
AW Farm ventilation system:

* Ventilation system concentration = 1 mg/m3

a DST ventilation system flow rate = 1,000 ft3/min
* 1 mg/M3 x 1,000 ft 3/min = 1,000 Mg ft3/m3 min
* 1,000 mg ft3/m3 min x (I g/1000 mg) x (1 m3/35.31 ft) x (1 min/60 sec) = 4.72 x 104

g/sec

To determine the release rate for a single tank, 4.72 x 10' e sec is divided by 6 (the number of
tanks in AW Farm) resulting in a release rate of 7.87 x 10' g/sec.
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For each toxic air pollutant, the SST or DST resulting in the highest per tank release rate (g/sec)
was selected.

Following the methodology in RPP-12735 Rev. OB, the release rate for each toxic air pollutant
was multiplied by 10 to estimate the release rate from a tank with waste disturbing activities.
Based on Assumption 5, it is assumed that no more than two tanks in a DST farm have waste
disturbing activities occurring simultaneously; the remaining tanks have quiescent waste
conditions.

The release rates from a hypothetical "worst case tank" were determined assuming that the waste
responsible for each of the highest release rates was present in this tank. Based on Assumption 6,
it is then assumed that all tanks in a DST farm are "worst case" tanks.

The release of toxic air pollutants from a DST Farm is determined by summing the releases from
all tanks in the farm. With 8 tanks, AP Farm is then the bounding farm (three tanks in SY Farm,
two tanks each in AY and AZ Farms, six tanks in AW Farm and seven tanks in AN Farm). The
total release rate from AP Farm is calculated by summing releases from two tanks with waste
disturbing activity and six tanks with quiescent waste conditions (refer to "NOTE" in Section
1.0).

Polychlorinated biphenyls (PCBs) are regulated as a class and the total is determined by adding
the contributions of several compounds. None of the PCBs found in the tanks are individually
regulated as toxic air pollutants, but all are regulated as a group.

In addition to the toxic air pollutants, total organic carbon (TOC), total nitrogen oxides (NO,),
total sulfur oxides (SO,), carbon monoxide, and lead are listed as criteria air pollutants. TWINS
data includes total non-methane hydrocarbon measurements, which is reported here as TOC.
Total NO, is determined by summing the maximum nitrogen oxide (NO) value reported with the
maximum nitrogen dioxide (NO 2) value reported. Total SO, is reported in TWINS, but SO 2 is
not reported in TWINS. The maximum value for SO,, reported in TWINS is used to evaluate
both SO,, and SO2 releases.

4.4 AERMOD Modeling
WAC-173-460-150 lists an averaging period, "acceptable source impact level" (ASIL), "small
quantity emission rate" (SQER), and "de minimis emissions" rate for each toxic air pollutant.
For comparison to the ASIL, the release rate is multiplied by a dispersion factor to determine
concentrations at the Hanford Site boundary.

Emission concentrations at the site boundary were estimated using dispersion factors from a
previous run of the EPA developed dispersion model, AERMOD, for the AN and AW
exhausters. The modeling results are preliminary and represent an initial estimate of off-site
concentrations. More refined modeling will be conducted as part of the NOC. The AERMOD
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model combines simple and complex terrain algorithms, and includes the Plume Rise Model
Enhancement (PRIME) algorithms to account for building downwash and cavity zone impacts.

The complete AERMOD modeling system is comprised of three parts: the AERMET pre-
processor, the AERMAP pre-processor, and the AERMOD model. The AERMET pre-processor
compiles the surface and upper-air meteorological data and formats the data for AERMOD input.
The AERMAP pre-processor is used to obtain elevation and controlling hill heights for
AERMOD input.

The AERMOD model was used with regulatory default options as recommended in the EPA
Guideline on Air Quality Models as listed below:

. Use stack-tip downwash
* Use of the PRIME algorithm for sources influenced by building downwash
* Use default wind profile exponents
* Use default vertical potential temperature gradients

Dispersion factors for 24-hour and annual average releases were developed on April 30, 2007
(Technical Memorandum, "AERMOD Dispersion Calculations", May 2, 2007):

Table 4-1: AN and AW AERMOD Modeling Results Dispersion Factors
Distance Distance

Annual from 24 Hour from

Source Dispersion Source to Dispersion Source to

Name Description Factor* Location Factor** Location
of of

(ug/m3)/(g/sec) Maximum (g/m3)/(g/sec) Maximum

Impact Impact
2000 cfin, 10"

E10_2000 diameter, 28' stack 0.05182 15 km east 1.10331 15 km east
height

1000 cfin, 6"
E6_1000 diameter, 17' stack 0.05548 15 km east 1.3288 15 km east

height

E6_500 500 cfm, 6" diameter, 0.05979 15 ki east 1.81318 15 km east
17' stack height 0.57 lkm st1838lmet

1000 cfn, 6"

W6_1000N diameter, 17' stack 0.06092 14.8 km 1.5428 20.8 km
height, northern northwest north

release point
1000 cfmi, 6"

W6_1000S diameter, 17' stack 0.05278 16.5 km 1.30867 22.9 km
height, southern northwest north

release point

500 cfin, 6" diameter, 14.7 km 20.5 km
W6_500N 17' stack height, 0.06836 northwest 2.07995 north

northern release point

500 cfin, 6" diameter, 16.3 km 22.7 km
W6_500S 17' stack height, 0.05732 northwest 1.72854 north

southern release point
*Annual averaging period - includes conversion factor to convert from g/s to pg/m3
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**24 hour averaging period - includes conversion factor to convert from g/s to pg/m3

Based on the dispersion factors listed in Table 4-1, the W6_50ON source was used to determine a

preliminary estimate of concentrations at the Hanford Site boundary. The calculated DST farm
release rates in g/s are multiplied by the annual or 24 hour dispersion factors, as appropriate, to
determine the maximum concentration (pg/M3) at the Hanford Site boundary. The averaging
periods listed in WAC-173-460-150 are 1-hr, 24-hr, and year, and these averaging periods were
used to determine which of the concentration values to use. The 24-hr value was used for those
toxic air pollutants with a 1-hr averaging period because 1-hour modeling data was not available.
The NOC will have the 1-hour modeling results.

The maximum concentration at the Hanford Site boundary is compared to the ASIL value listed
in WAC 173-460-150. The calculated DST farm release rate is converted to determine the total
release rate for the averaging period. The total release rate for the averaging period is then
compared to the SQER and de minimis values.

Maximum annual releases were also determined for the criteria air pollutants NO,, SO,, TOCs,
lead and carbon monoxide. The annual release rates for these criteria pollutants are compared to
the de minimis values.

4.5 Spreadsheet Description

The spreadsheet includes worksheets in the following order:

* 1 Documentation worksheet

* 1 Summary worksheet

* 1 worksheet containing relevant WAC 173-460-150 information

* 1 Factor worksheet summarizing factors used in release rate calculations

* 108 worksheets with data from TWINS with one CAS # per worksheet

a 1 PCB summary worksheet

* 15 worksheets containing PCB data from TWINS

Documentation Worksheet

The Documentation worksheet includes a brief summary of the methodology and key
assumptions employed in spreadsheet development, identification of input information and
explanatory notes.

Summary Worksheet - Toxic Air Pollutants

On the Summary worksheet the flux (g/sec) from the CAS # worksheets (Column D) was
multiplied by the tank farm scaling factor (Column E), the number of seconds in the averaging
period and divided by 453.6 g/lb to determine the quantity (lbs) discharged per averaging period
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(Column I). Also calculated on the Summary worksheet is the offsite concentration (Column H)
which was determined by multiplying the flux from the tank (Column D), the tank farm scaling
factor (Column E) and the dispersion factor for the averaging period (Column G).

The offsite concentration was then compared to the ASIL limit (Column M) and the
lbs/averaging period was compared to the SQER and De Minimis limits (Columns N and 0,
respectively).

Summary Worksheet - Criteria Pollutants
On the Summary worksheet the flux (g/sec) from the CAS # worksheets (Column E) was
multiplied by the tank farm scaling factor (Column F), the number of seconds in the averaging
period and divided by 453.6 g/lb to determine the quantity (lbs) discharged per averaging period
(Column I). The lbs/averaging period was compared to the De Minimis limits (Column K).

CAS# Worksheets

Each of the CAS # worksheets includes the data from TWINS and a calculation determining the
flux rate (g/sec) for each data point (Column AE) based on the ventilation flow rate from the
tank where the sample was taken (Column AD) and the concentration of the toxic air pollutant in
mg/m 3 at 25 degrees C (Column L).

The spreadsheet contains two macros. The first macro, named "sort", sorts the first half of the
CAS # worksheets by flux rate from greatest to least. The second macro, named "sortb", sorts
the second half of the CAS # worksheets by flux rate from greatest to least. This allows the
Summary worksheet to select the maximum flux rate for each toxic air pollutant by referencing
the top line of data from each CAS # worksheet.

NOTE: the macros "sort" and "sortb" were employed to sort the CAS # worksheets by flux rate
from greatest to least for all toxic air pollutants and criteria pollutants except CAS# 630-08-0
(carbon monoxide). As explained in Section 7.0 (Treatment of Carbon Monoxide Data), use of
the procedure employed to calculate releases for all the other pollutants results in an excessively
conservative computed carbon monoxide "Local Release

PCB Summary Worksheet

The PCB summary worksheet combines the data from the PCB data worksheets to provide a
combined PCB concentration.

5.0 TEST PLAN

5.1 Methodology Selected for Verification
Verification of the spreadsheet was accomplished by hand calculations to ensure the spreadsheet
formulas produce the correct results. Calculations to verify the spreadsheet calculations for
ethylbenzene (Chemical ID 100-41-4) were accomplished by hand using a digital calculator.
Spreadsheet calculations for all the other toxic air pollutants listed in the Summary worksheet are
performed in a manner identical to that for ethylbenzene. Therefore, verifying the spreadsheet
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calculations for ethylbenzene effectively verifies the spreadsheet calculations for all toxic air
pollutants listed in the Summary worksheet. The hand calculations are appended to Spreadsheet
Verification and Release Form SVF-1821, Rev. 2.

5.2 Rationale for Methodology Selected for Verification
Calculations performed in the spreadsheet are limited to simple multiplications involving three to
six factors (including unit conversion factors). Hand calculations provide the most direct and
transparent method of spreadsheet verification.

5.3 Test Approach
Data for ethylbenzene, the first toxic air pollutant listed on the Summary worksheet, was used to
ensure the spreadsheet formulas produce the correct results. The maximum headspace
concentration for ethylbenzene (0.26 mg/in 3) listed in worksheet 100-41-4 (Column L, Line 2)
was multiplied by the AW Farm ventilation flow rate (167.6667 ft3/min) listed in the Factors
worksheet (Column C, Line 189), and appropriate unit conversion factors, to determine the
release rate (flux) of ethylbenzene (2.0457 E-05 g/sec). This verifies the spreadsheet calculation
of 2.0451 E-05 g/sec, shown in Column AE, Line 2 of worksheet 100-41-4, within 0.0313%. The
Summary worksheet acquires flux values in Column D, via a lookup procedure, from Column
AE, Line 2 of each toxic air pollutant worksheet. The flux for ethylbenzene appears in Column
D, Line 4 of the Summary worksheet.

The Maximum Offsite Concentrations (pg/m3) of toxic air pollutants in Column H of the
Summary worksheet are computed by multiplying the respective entries in Columns D, E and G.
For ethylbenzene, the spreadsheet calculation is 3.6349 E-05 pg/M3. The hand calculated value is
3.6360 pg/m3 which verifies the spreadsheet calculation within 0.0313%.

The Local Releases (lb/averaging period) of toxic air pollutants in Column I of the Summary
worksheet are computed by multiplying the respective entries in Columns D and E, times the
number of seconds in the averaging period (31,557,600 seconds/year for ethylbenzene), and
converting units from grams to pounds. For ethylbenzene the spreadsheet calculation is 36.9930
lb/yr. The hand calculated value is 37.0046 pg/m3 which verifies the spreadsheet calculation
within 0.0313%.

The "Exceeds ASIL" decision in Column M of the Summary worksheet is made for each toxic
air pollutant by determining if the respective value in Column H exceeds the respective value in
Column J (e.g. value in Column H/value in Column J > 1). The hand calculation indicates that
the value in Column H/value in Column J = 9.1 E-05 for ethylbenzene. The spreadsheet correctly
indicates that the answer to "Exceeds ASIL" is "No".

The "Exceeds SQER" decision in Column N of the Summary worksheet is made for each toxic
air pollutant by determining if the respective value in Column I exceeds the respective value in
Column K (e.g. value in Column I/value in Column K 1). The hand calculation indicates that
the value in Column I/value in Column K = 0.4818 for ethylbenzene. The spreadsheet correctly
indicates that the answer to "Exceeds SQER" is "No".
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The "Exceeds De Minimis" decision in Column 0 of the Summary worksheet is made for each
toxic air pollutant by determining if the respective value in Column I exceeds the respective
value in Column L (e.g. value in Column I/value in Column L > 1). The hand calculation
indicates that the value in Column I/value in Column L = 9.6366 for ethylbenzene. The
spreadsheet correctly indicates that the answer to "Exceeds De Minimis" is "Yes".

5.4 Minimum Documentation Required for Test Execution and Results
The hand calculations for ethylbenzene (Chemical ID 100-41-4) appended to Spreadsheet
Verification and Release Form SVF- 1821, Rev. 2 represent necessary and sufficient
documentation for test execution and ftprge Th. 4iapd egplatigns ygA# priadsheet
formulas produce the correct results.

6.0 Computer Software Use and Verification

The spreadsheet was developed in MS Excel 2003V and MS Excel 20078. The file name of the
spreadsheet is Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsm.SVF-1821, Rev. 2 documents verification of the spreadsheet.
The spreadsheet has been registered in HISI.

7.0 Results

Toxic Air Pollutants

The Summary worksheet includes all the toxic air pollutants found in TWINS that are listed in
WAC 173-460-150 along with the maximum release expected. The Summary worksheet
includes the tank which produces the highest calculated flux and pounds per averaging period for
each toxic air pollutant. The Summary worksheet also shows which toxic air pollutants exceed
the ASIL, SQER, and De Minimis values. Toxic air pollutants exceeding at least one of these
limits are summarized in the table below.

Table 7-1: Summary of Tank Farm Emission Rate to WAC 173-460-150 Threshold Levels.

Exceeds Exceeds Exceeds De
WAC 173-460-150 Name Tank Name ASIL SQER Minimis
Ethylbenzene AW Ventilation No No Yes
Benzyl Chloride 241-BY-107 No No Yes
n-Nitroso-n-methylethylamine 241-AP-106 No Yes Yes
1,4-Dichlorobenzene 241-BY-101 No No Yes
1,2-Dibromoethane 241-BY-108 No No Yes
1,3-Butadiene 241-BY-108 No Yes Yes
1,2-Dichloroethane 241-SY-102 No Yes Yes
Acrylonitrile 241-BY-106 No No Yes
1,4-Dioxane 241-AN-106 No No Yes
Perchloroethylene 241-SY-102 No Yes Yes
Polychlorinated Biphenyls (PCBs) PCB No Yes Yes
n-Nitrosodiethylamine 241-AP-106 No Yes Yes
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Carbon Tetrachloride 241-SY-102 No Yes Yes
n-Nitrosomorpholine 241-U-108 No Yes Yes
Dimethyl Mercury 241-U-105 Yes Yes Yes
n-Nitrosodimethylamine 241-AP-102 No Yes Yes
n-Nitrosodi-n-propylamine 241-AP-106 No No Yes
Chloroform 241-SY-102 No Yes Yes
Hexachloroethane 241-SY-102 No Yes Yes
Benzene 241-SY-102 No Yes Yes
Manganese & Compounds AP Ventilation No No Yes
Mercury, Elemental 241-C-104 No No Yes
Arsenic & Inorganic Arsenic Compounds AP Ventilation No Yes Yes
Beryllium & Compounds (NOS) AP Ventilation No Yes Yes
Cadmium & Compounds AP Ventilation No Yes Yes
Chromium Hexavalent: Soluble, except
Chromic Trioxide 241-C-104 No Yes Yes
Cobalt AP Ventilation No No Yes
Vinyl Chloride 241-SY-102 No Yes Yes
Acetaldehyde 241-AY-102 No Yes Yes
Dichloromethane 241-BY-108 No Yes Yes
Ethylene oxide 241-TY-104 No No Yes
Ammonia 241-SY-102 No Yes Yes
1,2-Dichloropropane 241-BY-108 No No Yes
1,1,2-Trichloroethane 241-SY-102 No Yes Yes
Trichloroethylene 241 -SY- 102 No No Yes
Acrylic Acid 241-C-103 No No Yes
1,1,2,2-Tetrachloroethane 241-SY-102 No Yes Yes
Hexachlorobutadiene 241-SY-102 No Yes Yes
Naphthalene 241-T-111 No No Yes
n-Nitroso-di-n-butylamine 241-AP-106 No No Yes
n-Nitrosopyrrolidine 241-AP-106 No No Yes

Dimethyl mercury is the only toxic air pollutant that exceeds the ASIL value. The maximum
concentrations of all other toxic air pollutants are below the ASIL values.

The total release for the averaging period exceeds the de minimis values for forty-one toxic air
pollutants. Of these forty-one, twenty-four also exceed SQER values.

Criteria Pollutants

The annual release rates of criteria pollutants were also determined and compared to de minimis

values. Only TOC exceeds the de minimis value (Line 103, Column K of the Summary
worksheet). The annual releases of NO,, SO,, lead and carbon monoxide were less than their
respective de minimis values.

Treatment of Ammonia Data

The highest calculated flux of ammonia is from tank SY-102 based on a sample taken September
12, 2000. The reported ammonia concentration is 383.6 mg/M3 (Line 2, Column L of worksheet
7664-41-7). Saltwell pumping of waste from tank U-103 to tank SY-102 was in progress at the

time, resulting in disturbed waste conditions. The 383.6 mg/m 3 ammonia concentration was
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divided by 10 to account for the disturbed waste conditions, resulting in an ammonia
concentration for quiescent waste conditions of 38.4 mg/M3. This concentration results in a per
tank flux of 0.00603 g/s. Multiplying by 26 results in an ammonia release of 29.9 lb/day and a
maximum offsite concentration of 0.326 pg/ m3 (Line 116, Column I and Line 116, Column H of
the Summary worksheet, respectively).

An ammonia sample from the SY Farm ventilation system taken August 30, 2000 results in the
highest per tank flux when the September 12, 2000 sample from tank SY- 102 is adjusted to
account for disturbed waste conditions. The reported ammonia concentration for the August 30,
2000 sample is 307.7 mg/M3 (Line 4, Column L of worksheet 7664-41-7). Saltwell pumping of
waste from tank U-103 to tank SY- 102 was in progress at the time, resulting in disturbed waste
conditions. However, since tanks SY-101 and SY-103 were not subject to disturbed waste
conditions, it is assumed only SY-102 contributed to the reported ventilation system ammonia
concentration. Therefore, the ventilation system ammonia concentration of 307.7 mg/M3 was
multiplied by 3, resulting in a tank SY-102 ammonia concentration of 923 mg/m3 . The 923
mg/M3 ammonia concentration was divided by 10 to account for the disturbed waste conditions,
resulting in an ammonia concentration for quiescent waste conditions of 92.3 mg/M3. This
concentration results in a per tank flux of 0.01452 g/s. Multiplying by 26 results in an ammonia
release of 71.9 lb/day and a maximum offsite concentration of 0.785 pg/ m3 (Line 117, Column I
and I 17, 'olumn H of +he Summary worksheet, respectively).

Bas. i this an -al Release" and "Maximum Offsite Concentration" for ammonia are
based on the August 30, 2000 SY Farm ventilation system sampling event (Line 117 of the
Summary worksl-

Treatment < .arnon Monoxide Data

The "Loci %e 'b/yr)" for carbon monoxide (Chemical ID 630-08-0) on Line 47 and Lines
110 a -narv worksheet requires clarification. The "Local Release" on Line 110

om tank 241-SY-102 on March 18, 1998. "Local Release" is
a factor of 3.26 greater than the annual de minimis release rate

of 10,00u i, . ,.s ib, -;sult of equating a "reported value" to a detection limit ("less than
value") when the detection limit is the maximum value reported for the toxic air pollutant. This
procedure results in an excessively conservative computed carbon monoxide "Local Release".

Review of worksheet 630-08-0 indicates that all double-shell-tank and double-shell-tank
ventilation system results reported for carbon monoxide are detection limits. Unlike hydrogen
and ammonia, there is no known mechanism to produce significant amounts of carbon monoxide
in tank waste.

A more reasonable, but yet conservative, estimate for carbon monoxide "Local Release" is
provided by a sample obtained from tank 241-A-106 on January 16, 1997 (Line 47 and Line Ill
of the Summary worksheet). Carbon monoxide concentration is reported to be 100 ppmv (Line
506, Column G of worksheet 630-08-0), the highest concentration of carbon monoxide reported
on worksheet 630-08-0. "Local Release" is computed to be 997 lb/yr which is less than 10% of
the de minimis release rate.
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Based on this analysis, it is concluded that the emission of carbon monoxide will not exceed the
annual de minimis release rate (Line 47 and Line 111 of the Summary worksheet).

8.0 Configuration Management

The master copy of the Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsm spreadsheet is maintained in the Integrated Document
Management System (IDMS).

9.0 Qualification

No additional qualifications are required for the spreadsheet developer/owner and verifier in
addition to those identified in TFC-ENG-DESIGN-C-32.
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B -21

17



RPP-ENV-48231, Rev 0

APPENDIX C

Toxic Air Pollutant Emission Rates and WAC 173-460 Comparison

49

C-2



RPP-ENV-48231, Rev 0

Table C-1. Toxic air pollutant emission rates and comparison to the WAC 173-460-150 de minimis, SQER, and ASIL levels.

De Above SQER Dispers

Emissions Minimis De (lbs/av Above ed ASIL
Avg. (Ibs/ avg Minimi g SQER Conc. (pg/m3  Above

Chemical Name CAS # Period (lbs/24 (lbs/y period) s? period) ? (pg/m3) ) ASIL?
(g/s) (lbs/hr) -hr) r)

Ethylhenzene 10041-4 Year 1.41 E-03 - - 98.1 3.84 Yes 76.8 Yes 7.90E-05 0.4 No

Styrene 10042-5 24-hr 4.62E-04 - 0.088 - 5,91 No 118 No 8.79E-04 900 No

lBenyl Chloride 100-44-7 Year 1.34E-05 - - 0.932 0.196 Yes 3.91 No 7.511E-07 0.0204 No

Nitrogendioxide 1010244-0 I-hr 5.51 E-02 0.438 - - 0.457 No 1.03 No 9.37E-01 470 No
0.00015

n-Nitroso-n-methylethvlamine 10595-95-6 Year 1.94E-06 - - 0.135 0.00153 Yes 0.0305 Yes 1.09E-07 9 No

p-Xylene 106-42-3 24-hr 1.63E-03 - 0.310 - 1.45 No 29 No 3.091E-03 221 No

1.4-Dichlorobenzene 106-46-7 Year 6.21 E-05 - - 4.32 0.872 Yes 17.4 No 3.481-06 0.0909 No

1,2-Epoxybutane 106-88-7 24-hr 4.04E-05 - 0.00769 - 0.131 No 2.63 No 7.67E-05 20 No

1,2-Dibronoethane 106-93-4 Year 7.97E-05 - 5.54 0.135 Yes 2.71 Yes 4.46E-06 0.0141 No

1,3-Butadiene 106-99-0 Year 1.99E-04 - - 13.9 0.0564 Yes 1.13 Yes 1.12E-05 0.00588 No

0.00056
Acrolein 1074)2-8 2 4-hr 2.981-06 - 8 - 0.000394 Yes 0.00789 No 5.66E-06 0.06 No

Allyl Chloride 1074)5-1 Year 1.02E-05 - - 0.709 1.6 No 32 No 5.711E-07 0.167 No

1,2 -Dichloroethane 107-06-2 Year 1.63E-03 - - 113.20 0.369 Yes 7.39 Yes 9 12E-05 0.01385 No

Acrylonitrile 107-13-1 M Year 1.23E-05 - - 0.856 0.0331 Yes 0.662 Yes 6.90E-07 0.00345 No

8.53E-

Viny0 acetate 108-054 24-hr 4.48147 - 05 - 1.31 No 26.3 No 8.51 F-07 200 No

Methyl Isobutyl Ketone 108-10-1 24-hr 2.77E-03 - 0.527 - 19.7 No 394 No 5.26E-03 3000 No

n-Xvlene 108-38-3M 24-hr 9.421-04 - 0.179 - 1.45 No 29 No 1.79E-03 221 No

3-Methylphenol 108-39-4 24-hr 4.74E-06 - 0.00090 - 3.94 No 78.9 No 9.011E-06 600 No

Toluene 108-88-3 24-hr 4.09E-02 - 7.78 - 32.9 No 657 No 7.76E-02 50W No

Chlorobenzene 108-90-7 24-hr 4.99E-04 - 0.095 - 6.57 No 131 No 9.49E-04 1000 No

Phenol 108-95-2 24-hr 8.14E-03 - 1.55 - 1.31 Yes 26.3 No 1.551-02 2001 No
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De Above SQER Dispers

Emissions Minimis De (lbs/av Above ed ASIL

Avg. (Ibs/ avg Minimi g SQER Conc. (pg/n 3  Above

Chemical Name CAS # Period (lbs/24 (lbs/y period) s? period) ? (pg/m3) ) ASIL?

I (g/s) (lbs/hr) -hr) r) I I I

n-Hexane 110-54-3 24-hr 5.16E-03 - 0.98 - 4.6 No 92 No 9.8 1F-03 700 No

Cyclohexane 110-82-7 24-hr 1.58E-03 - 0.301 - 39.4 No 789 No 3.01E--03 6001 No

Ethylene glycol monoethyl ether

acetate 111-76-2 24-hr 1.52E-04 - 0.029 - 85.4 No 1710 No 2.88E-04 13000 No

Propylene 115-07-1 24-hr 3.93E-03 - 0.748 - 19.7 No 394 No 7.46E-03 3000 No

Di(2-ethylhexyl)phthalate 117-81-7 Year 7.46E-07 - - 0.0518 0.4 No 8 No 4.181-08 0.0417 No

1,4-Dioxane 123-91-1 Year 7.02E-04 - - 48.8 1.25 Yes 24.9 Yes 3.93E-05 0.13 No

Perchloroethylene 127-18-4 Year 1.62E-03 - - 112.4 1.62 Yes 32.4 Yes 9.06E-05 0.169 No

Vanadium Pentoxide 1314-62-1 1-In 1.17E-04 0.00093 - - 0.00329 No 0.0657 No 1.99E-03 30 No

Polvehlorinated Biphenyls (PCBs) 1336-36-3 Year 2.04E-05 - - 1.415 0.0168 Yes 0.336 Yes 1_14E-06 0.00175 No

2.27F-

1rans-1,2-dichloroethene 156-60-5 24-hr 1.19E-07 - 05 - 5.3 No 106 No 2.27E-07 807 No

Butylated hydroxyanisole 25013-16-5 Year 1.421E-06 - - 0.0989 168 No 3360 No 7.97F-08 17.5 No

Fonnaldehyde 50-00-0 Year 2.35E-05 - - 1.64 1.6 Yes 32 No 1.32F-06 0,167 No

n-Nitrosodiethylamine 55-18-5 Year 1.94E-06 - - 0.135 0.000959 Yes 0.0192 Yes 1.09E-07 0.0001 No

Carbon Tetrachloride 56-23-5 Year 1.64E-03 - - 114.0 0.228 Yes 4.57 Yes 9.18E-05 0.0238 No

0.00033

1,1-Dimethylhydrazine 57-14-7 24-hr 1.74E-06 - 2 - 0.00329 No 0.0657 No 3.311E06 0.5 No

Propylene Glycol 57-55-6 24-hr 2.25E-04 - 0.0429 - 0.187 No 3.75 No 4.28E-04 28.5 No

0.00052

n-Nitrosomorpholine 59-89-2 Year 8.96-06 - - 0.623 0.00505 Yes 0.101 Yes 5.01 E-07 6 No

7.85E-

Dimethyl Mercury 593-74-8 24-hr 4. 12E-08 - 06 - I1E-99 Yes I E-99 Yes 7.83E-08 I 199 Yes

Acetamide 60-35-5 Year 6.05E-06 - - 0.421 0.48 No 9.59 No 3.391-07 0.05 No

0.00021

n-Nitrosodimethylamine 62-75-9 Year 2.65E-03 - - 184 0.00208 Yes 0.0416 Yes 1.48E-04 7 No

n-Nitrosodi-n-propylamine 621-64-7 Year 1 .94E-06 - - 0.135 0.0048 Yes 0.0959 Yes 1.09E-07 0.0005 No

0.00033

Methyl Isocyanate 624-83-9 24-hr 1.77E-06 - 7 - 0.00657 No 0.1.11 No 3.361E-06 1 No
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De Above SQER Dispers

Emissions Minimis De (lbs/av Above ed ASIL

Avg. (lbs/ avg Minimi g SQER Cone. (pg/m3  Above

Chemical Name CAS # Period (Ibs/24 (Ibs/y period) s? period) ? (pg/M3 ) ) ASIL?

(g/s) (Ibs/hr) -hr) r) I I

Carbon monoxide 630-08-0 1-hr 3.73E-02 0.296 - - 1.14 No 50.4 No 6.34F4)1 23000 No

Methyl Alcohol 67-56-1 24-hr 7.11 F-02 - 13.5 - 26,3 No 526 No 1.35E-01 4000 No

Isopropyl Alcohol 67-63-0 1-hr 3.37E-03 0.0268 - - 0.35 No 7.01 No 5.74E-02 3200 No

Chlorofrm 67-66-3 Year 1.64E-03 - - 114.0 0.417 Yes 8.35 Yes 9.18E-05 0.0435 No

Ilexachloroethane 67-72-1 Year 1.68E-03 - - 117.0 0.872 Yes 17.4 Yes 9.42E-05 0.0909 No

Ben/ene 71-43-2 Year L63E-03 - - 113.2 0.331 Yes 6.62 Yes 9.12E-05 0.0345 No

1,1,1-TIrichloroethane 71-55-6 24-hr 6.74E-05 - 0.0128 - 6.57 No 131 No 1.28E-04 1000 No

Methyl Bromide 74-83-9 24-hr 6.42E-05 - 0.0122 - 0.0629 No 0.657 No 1.22E-04 5 No

Methyl Chloride 74-87-3 24-hr 2.24E-04 - 0.0426 - 0.591 No 11.8 No 4,25E-04 90 No

Ilydroen Cyanide 74-90-8 24-hr 5.69E-06 - 0.00108 - 0.0591 No 1.18 No 1.08E-05 9 No

Lead and compounds (NOS) 7439-92-1 Year 6.551E-05 - - 4.56 10 No 16 No 3.67F-06 0.0833 No

Manganese & Compounds 7439-96-5 24-hr 6.55E-05 - 0.0125 - 0.000263 Yes 0.00526 Yes 1.251-04 0.)4 No

Mercury, Elemental 7439-97-6 24-hr 1.99E 05 - 0.00378 - 0.000591 Yes 0.0118 No 3.77E-05 0.09 No

Arsenic & Inorganic Arsenic 0.00030

Compounds 7440-38-2 Year 6.55E-05 - - 4.56 0.00291 Yes 0.0581 Yes 3.671E-06 3 No

0.00041

Beryllium & Compounds (NOS) 7440-41-7 Year 3.28E-06 - - 0.228 0.004 Yes 0.08 Yes 1.84E-07 7 No

0.00023

Cadmium & Compounds 7440-43-9 Year 3.281E-05 - - 2.28 0.00228 Yes 0.0457 Yes 1.841-06 8 No

Chromium I lexavalent: Soluble, except 6.67E-

Chromic Trioxide 7440-47-3 Year 1.01)-04 - - 6.98 0.000064 Yes 0.00128 Yes 5.63 E1-06 06 No

(obalt 7440-48-4 24-hr 6.55E-05 - 0.0125 - 0.000657 Yes 0.013 No 1.25E-04 0.1 No

Copper & Compounds 7440-50-8 1-hr 3.28E-05 0.000261 - - 0.011 No 0.219 No 5.58)1-04 100 No

Sulfir dioxide 7446-09-05 1-hr 2.43E-04 0.00193 - - 0.457 No 1.45 No 4.131E-03 660 No

Ethyl Chloride 75-0-3 24-hr 2.87-4)4 - 0.0546 - 197 No 3940 No 5.44F-04 30000 No

Vinyl Chloride 75-01-4 Year 1.64E-03 - - 114.0 0.123 Yes 2.46 Yes 9.181-05 0.0128 No

Acetonitrile 75-05-8 Year 3.83E-03 - - 266 576 No 11500 No 2.141'-04 60 No
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De Above SQER Dispers

Emissions Minimis De (lbs/av Above ed ASIL

Avg. (lbs/ avg Minimi g SQER Conc. (pg/M 3  Above

Chemical Name CAS # Period (lbs/24 (lbs/y period) s? period) ? (pg/m3) ) ASIL?
(g/s) (lbs/hr) -hr) r)

Acetaldehyde 75-07-0 Year 4.10E-03 - - 285 3.55 Yes 71 Yes 2.30E-04 0.37 No

Dichloronethane 75-09-2 Year 1.11E-02 - - 773 9.59 Yes 192 Yes 6.23F-04 I No

Carbon disulfide 75-15-0 24-hr 4.01E-04 - 0.0763 - 5.26 No 105 No 7.61E-04 800 No

Ethylene oxide 75-21-8 Year 7.73E-06 - - 0.538 0.109 Yes 2.19 No 4.33E-07 0.0114 No

Bromoform 75-25-2 Year 8.76E-06 - - 0.609 8.72 No 174 No 4.91E-07 0.909 No

1,l-Dichloroethane 75-34-3 Year 2.72F-05 - - 1.89 6 No 120 No 1.52E-06 0.625 No

1,1-Dichloroethylene 75-35-4 24-hr 3.13E-03 - 0.595 - 1.31 No 26.3 No 5.94E-03 200 No

Chlorodifluoromethane 7545-6 24-hr 9.98E-04 - 0.190 - 328 No 6570 No 1.90E-03 50000 No

I-Chloro-l.I-difluoroethane 75-68-3 24-hr 1.08E-03 - 0.206 - 329 No 6570 No 2.06E-03 50000 No

Ammonia 766441-7 24-hr 1.45E-02 - 191 - 0.465 Yes 9.31 Yes 2.76E-02 70.8 No

Selenium & Selenium Compouids

(other than Ilydrogen Selenide) 7782-49-2 24-hr 5.70E-06 - 0.00109 - 0.131 No 2.63 No L.08E-)5 20 No

1,2-Dichloropropane 78-87-5 Year 4.78E-05 - - 3.32 0.959 Yes 19.2 No 2.68E-06 0.1 No

Methyl Ethyl Ketone 78-93-3 24-hr 9.59E-03 - 1.83 - 32.9 No 657 No 1.82E-02 50W8 No

1,1,2-Trichloroethane 79-00-5 Year 5.92E-04 - - 41.1 0.6 Yes 12 Yes 3.311E-05 0.0625 No

Trichloroethylene 79-01-6 Year 1.63E-03 - - 113.2 4.8 Yes 95.9 Yes 9.12E-05 0.5 No

Acrylic Acid 79-10-7 24-hr 6.51F-04 - 0.124 - 0.00657 Yes 0.131 No 1.24E-03 1 No

1,1,2,2-1etrachloroethane 79-34-5 Year 7.45E-04 - - 51.8 0.165 Yes 3.3 Yes 4.17E-05 0.0172 No

2-Nitropropane 79-46-9M 24-hr 1.91 E-04 - 0.0365 - 0.131 No 2.63 No 3.64E-04 20 No

Ilexachlorobutadicne 87-68-3 Year 1. 16E-03 - - 80.8 0.437 Yes 8.73 Yes 6.50F-05 0.0455 No

Naphthalene 91-20-3M Year 1.30E-05 - - 0.903 0282 Yes 5.64 No 7.28E-07 0.0294 No

0.00032

n-Nitroso-di-n-butvlamine 924-16-3 Year 1 .941-06 - - 0.135 0.0031 Yes 0.062 Yes 1.09E-07 3 No

n-Nitrosopyrrolidine 930-55-2 Year 1.94E-06 - - 0.135 0.016 Yes 0.32 No 1.09E-07 0.00167 No

o-Xylene 9547-6 24-hr 1.611-4)3 - 0.306 - 1.45 No 29 No 3.05E-03 221 No

2-Methylphenol 95-48-7M 24-hr 2.85E-05 - 0.00542 - 3.94 No 78.9 No 5.41F-05 600 No

53

C-6



RPP-ENV-48231, Rev 0

De Above SQER Dispers

Emissions Minimis De (lbs/av Above ed ASIL

Avg. (lbs/ avg Minimi g SQER Conc. (pg/M 3  Above

Chemical Name CAS # Period (lbs/24 (lbs/y period) s? period) ? (pg/m3) ) ASIL?
(g/s) (lbs/hr) -hr) r)

Cumec 98-82-8 24-hr 7.03E-05 - 0.0134 - 2.63 No 52.6 No 1.34F-04 400 No
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EXECUTIVE SUMMARY
This report is an evaluation of Best Available Control Technology for Toxics (tBACT) for
installation and operation of the Hanford double shell tank (DST) primary ventilation systems.
The DST primary ventilation systems are being modified to support Hanford's waste retrieval,
mixing, and delivery of single shell tank (SST) and DST waste through the DST storage system
to the Waste Treatment and Immobilization Plant (WTP). The retrieval, pumping, and mixing of
waste are expected to increase emissions of toxic air pollutants (TAPs) as defined in Washington
Administrative Code (WAC) 173-460-150, Controls fhr New Sources of Toxic Air Pollutants.
WAC 173-460-150 provides acceptable source impact levels (ASILs), small quantity emission
rates (SQERs), and de minimis values for each TAP. WAC 173-460-060(2), Emission Standards
for New and Modified Emission Units, requires that tBACT be employed for all TAPs for which
the increase in emissions exceed the de minimis values.

The process used in this tBACT evaluation was similar to that prior process used, documented,
and approved by Ecology in the following tBACT evaluations.

* Letter July 31, 2007, J.A. Hedges to S Olinger, Approval of Criteria and Toxic Emissions
Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval,
Approval Order DE05NWP-002 Rev. 2.

" Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic
Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval
Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C
Tank Farm, Approval Order DE05NWP-002, Rev. 1.

" Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air
emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and
AW Tank Farms, Approval Order DE05NWP-001.

The development of this tBACT followed guidance provided from Washington State Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) for the process to
determine best available control technologies (BACT). This tBACT follows the five-step BACT
process, the steps are the following.

" Step 1 - Identify all available control technologies for each pollutant subject to review.
" Step 2 - Eliminate all technically infeasible control technologies.
" Step 3 - Rank the remaining control technologies by control effectiveness.
" Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
" Step 5 - Select as tBACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.

This tBACT evaluation addresses 41 TAPs that exceed the de minimis values. TAPs with similar
chemical and physical properties were placed into groups with the assumption that similar
control technologies would be effective in abatement. The four separate groups that exceeded de
minimis values were as follows:

" Ammonia
" Toxic organic compounds
" Mercury and mercury related compounds
" Particulate metal compounds.

Page ES-1
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After a detailed evaluation of the four TAPs and/or groups and the effectiveness and costs of
emission control technologies for each, a $/ton cost was determined to implement a control
technology as identified in Table ES-1. Most of the identified technologies were eliminated,
because their $/ton costs exceeded the cost ceiling guidelines previously approved by Ecology
and EPA as economically unjustifiable. Although the evaluated technology would remove 98-
9 9 % of the pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the
low emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
High Efficiency Particulate Air (HEPA) filtration system in the treatment train.

This tBACT evaluation is one part of the Notice of Construction (NOC) application that will be
submitted to Ecology. It provides information on TAP emissions, control technologies proposed,
why they were proposed, or why a technology was not feasible for mitigation of toxic emissions
during DST waste operations.

Toxic Organic Compounds

Thermal Non-Catalytic Oxidizer $2,925,000 0.481 $6,081,000 $105,000

Activated Carbon Adsorption

Ammonia

Thermal Non-Catalytic Oxidizer

Activated Carbon Adsorption

Scrubber

Mercury and Mercury Related
Compounds

Activated Treated Carbon
Adsorption

Particulate Metal Compounds

$790,000

$2,925,000

$5,148,000

$7,583,000

$92,000

0.481

13.12

13.12

13.12

2.61E-04

$1,643,000 $105,000

$223,000

$392,000

$577,000

$352,000,000

$105,000

$105,000

$105,000

$105,000

Particulate metal compounds are removed by the required particulate filtration train
for removal of radionuclides at a 99.95% removal rate.

Notes:
aCost of Removal equals the Total Annualized Cost ($Iyear) divided by the Emissions per Year (tons).
bSee Section 2, tBACT Methodology, for a detailed discussion.

Page ES-2
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1.0 INTRODUCTION
The waste feed delivery mission requires all single shell tank (SST) wastes be transferred to the
double shell tank (DST) system for future delivery to the Waste Treatment and Immobilization
Plant (WTP). In preparation for this mission, new primary ventilation systems are being planned
and designed for each DST farm. The first such primary ventilation system will replace the
current primary ventilation system installed in the SY-241 Tank Fanm.

Currently, DST farms are exhausted through a primary ventilation system that serves as a
containment system for radioactive particulates present in the tank headspace, vents flammable
gases and vapors that evolve from the liquid surface in the DSTs, and removes heat. The
ventilation system operates by drawing outside air into and through the tank headspace. After the
air leaves the headspace, the ventilation system conditions the outlet stream to remove entrained
moisture, reduce relative humidity, and filter particulates. During exhaust it is discharged to
atmosphere through the stack, the exhaust is monitored and sampled for radioactive particulates.

The new DST farm primary ventilation systems will replace the existing two parallel exhaust
trains with two new parallel exhaust trains, each capable of providing up to nominally 2,000
ft3/min (standard) and maximum 3,000 ft3 /min (standard) exhaust flow. Primary ventilation
systems are operated during all storage, treatment, retrieval, and transfer operations of the waste
contained in the DSTs.

The new replacement primary ventilation systems are considered modifications to the DST
system and require a new air source review in accordance with WAC 173-460-040, Controls of
New Sources ofAir Toxic Pollutants and WAC 173-400-110, New Source Review (NSR). In
addition, a Notice of Construction (NOC) permit application is required if there are new
pollutants emissions or if increases exceed the de minimis values listed in WAC 173-460-150,
Controls for New Sources of Toxic Air Pollutant. In addition, an NOC application for all new or
modified toxic air pollutant sources must demonstrate that the new or modified emission units
employ tBACT for all toxic air pollutants (TAPs) where the increase in emissions exceed the de
minimis emission values found in WAC 173-460-150.

RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source
Term for 241-SY Farm and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010)
and SVF- 1821, Rev 1, Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsx (May 2010) assessed unabated emissions to the DST farm
primary ventilation systems. Several pollutants exceeded the WAC 173-460-150 de minimis
values and one pollutant (dimethyl mercury) exceeded the Acceptable Source Impact Level
(ASIL).

This tBACT evaluation is one part of the NOC application. It provides information on toxic air
pollutant (TAP) emissions, control technologies proposed, why they were proposed, or why a
technology was not feasible for mitigation of toxic emissions during DST waste operations.

Page 1
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2.0 REGULATORS REQUIREMENTS AND METHODOLOGY
WAC 173-460-020 defines "Best available control technology for toxics (tBACT)" as that term
is defined in WAC 173-400-030, as applied to toxic air pollutants. Toxic air pollutants are
defined as any toxic air pollutant listed in WAC 173-460-150.

WAC-173-400-030, defines "Best available control technology (BACT)" as:

"An emission limitation based on the maximum degree of reduction for each air pollutant
subject to regulation under chapter 70.94 RCW emitted from or which results from any
new or modified stationary source, which the permitting authority, on a case-by-case
basis, taking into account energy, environmental, and economic impacts and other costs,
determines is achievable for such source or modification through application of
production processes and available methods, systems, and techniques, including fuel
cleaning, clean fuels, or treatment or innovative fuel combustion techniques for control of
each such pollutant. In no event shall application of "best available control technology"
result in emissions of any pollutants which will exceed the emissions allowed by any
applicable standard under 40 CFR Part 60 and Part 61. Emissions from any source
utilizing clean fuels, or any other means, to comply with this paragraph shall not be
allowed to increase above levels that would have been required under the definition of
BACT in the Federal Clean Air Act as it existed prior to enactment of the Clean Air Act
Amendments of 1990."

This tBACT demonstration is a modification of EPA's BACT analysis procedure delineated in
the New Source Review Workshop Manual, Prevention of Significant Deterioration and

Nonaltainment Area Permitting (EPA, 1990). It is commonly referred to as the EPA Puzzle
Book. There are five basic steps to EPA's "top-down" BACT process for evaluation of pollutant
emission control technologies. These steps include the following:

" Step 1 - Identify all available control technologies for each pollutant subject to review.
" Step 2 - Eliminate all technically infeasible control technologies.
" Step 3 - Rank the remaining control technologies by control effectiveness.
" Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with

respect to economic, energy, and environmental impacts.
" Step 5 - Select as BACT the most effective control technology that is not rejected based on

adverse economic, environmental, and/or energy impacts.

D-12 
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Each step is described below:

Step 1: Identifies all commercially available toxic air emission control options. This step
involves a search for available technologies that can reduce the emission levels for the toxic
contaminants of concern. Technologies required under previously completed lowest achievable
emission rate (LAER) determinations are available for BACT purposes and are also included as
control alternatives. They usually represent the "top" alternative (the highest emission reduction).
The information sources used to identify control technologies include:

" Previous BACT and tBACT demonstrations.
* EPA's reasonably available control technology (RACT)/BACT/LAER Clearinghouses.
" Regulatory authorities.
" Federal, State and local new source review (NSR) permits.
" Control technology vendors.
" Literature search.
" Internet Searches.
" Similar commercial government applications.

Step 2: Eliminates all of the above identified technically infeasible options and develops a short
list of control technologies for further analysis. Screening criteria is applied to eliminate any
control technology that is not available (cannot be obtained commercially) or not applicable
(able to be reasonably installed and operated for control of tank farm process emissions). The
determination of feasibility is based on evaluating vendor specifications and commercial or
government application experience data for available control technologies previously identified.
If a control technology has been installed and operated successfully on emissions with similar
chemical and physical characteristics to those from processes that are being evaluated, it is
demonstrated and is technically feasible.

The screening criteria developed for application to the suite of control technologies are as
follows:

" The control technology has not been demonstrated at sufficient scale or removal efficiency for
the application.

* The control technology introduces additional hazards above and beyond the primary control
hazard.

" The control technology uses materials of construction that are unsuitable in a radiation field
anticipated during operations or impact the integrity of materials of construction (i.e.,
corrosion) and no suitable alternative materials can be substituted.

* The control technology would be very difficult to modify for applicable field operations and
maintenance activities anticipated during operations.

* Control technology would generate secondary waste streams.
* The control technology requires testability requirements where extraordinary measures would

be required to ensure operational performance.

Step 3: Ranks the remaining control technologies in order of effectiveness for each unabated
emission off gas stream under evaluation. The most effective control technology is ranked at the
top.

Step 4: Evaluates economic impacts for highly-ranked applicable technologies for each unabated
emission off gas stream analyzed. The purpose of the economic evaluations is to determine and

Page 3
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compare "cost reasonableness" ($/ton pollutant reduction) of the highly ranked technologies, in

order, to determine whether impacts were acceptable. The economic analyses include factors for

environmental impacts (e.g., secondary waste treatment, disposal costs) and energy impacts (e.g.,
utility costs). These economic impacts are based on average and incremental cost effectiveness
or reasonableness of these analyses, expressed as cost per ton of pollutant removed. In addition,

impacts on worker health and safety, such as labor for equipment maintenance, can be included.

Step 5: The control technology with the highest control efficiency is evaluated first for tBACT.

If this technology is found to have acceptable energy, environmental, or economic impacts, then

it is proposed as tBACT and no further analysis is necessary. If the top technology is shown to be

inappropriate, based on energy, environmental, or economic impacts, the applicant must fully
document the justification for this conclusion. Then the next most effective control technology

on the list becomes the new candidate and is similarly evaluated. This process continues until the

technology under consideration cannot be eliminated due to energy, environmental, or economic

impacts, which would demonstrate the technology to be appropriate as tBACT.

General Approach to Economic Impact Evaluation
An economic determination is made whether there is any unacceptable environmental, energy, or
economic impacts for the highest ranked technology. If there are no unacceptable impacts, then

the highest ranked technology is proposed as tBACT for each unabated off gas stream. Economic
evaluations are performed consistently across all technologies, and are rough order of magnitude

cost estimates and employ the procedure found in the Office ofAir Quality Planning and

Standards Air Pollution Control Cost Manual, Sixth Edition (EPA, 2002). The results of the

economic analyses are included as cost tables.

The economic impacts of the control technology options are evaluated by calculating the cost

effectiveness. This calculation is performed by estimating the total annualized cost of control

($/yr) and dividing by the annual amount of emission reduction that would be achieved (tons/yr).

The resulting cost effectiveness value ($/ton) is compared to costs for similar applications and to
guidance provided by regulatory agencies.

Typically, cost effectiveness evaluations are compared to survey values compiled by Federal and

State regulatory agencies. In general, tBACT cost effectiveness for pollutants are considered

relative to "Plateau" and "Ceiling" values. Plateau level values are those below which a control
technology is rarely thrown out as economically unjustifiable. The tBACT cost Ceiling value is a

value above which a control technology is rarely judged economically justifiable. No similar cost
guidance has been developed for tBACT. However, previous tBACT evaluations submitted from

Hanford and approved by Ecology have used an additional factor for determination of cost

ceiling values. These previous tBACT evaluations are as follows:

" Letter July 31, 2007, J.A. Hedges to S. Olinger, Approval of Criteria and Toxic Emissions

Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval,
Approval Order DE05NWP-002 Rev. 2.

* Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic

Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval
Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster
Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C
Tank Farm, Approval Order DE05NWP-002, Rev. 1.
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Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air
emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and
AW Tank Farms, Approval Order DE05NWP-001.

The maximum previous plateau tBACT value was $5,700/ton and the maximum ceiling value
was $10,500/ton. The additional tBACT factors used in the previous tBACT evaluations were
based upon two options. These options took into account the toxicity and carcinogenicity of the
various TAPs to scale the tBACT cost factors to reflect the hazards of these pollutants based
upon either the classification of each TAP (Class A or B) or the ASIL associated with each TAP.

Option 1: The first option used in the previous tBACT evaluations refers to the Class A and

Class B TAP classification defined in the previous (prior to June 20,.2009) WAC 173-460
regulation. For Class A TAPs, the "Plateau" and "Ceiling" values were multiplied by a factor of

10. For Class B TAPs, the "Plateau" and "Ceiling" values were multiplied by a factor of 5.

As of June 20, 2009, the revised WAC 173-460-150 no longer uses the Class A and Class B

designations for identification of TAPs to use this method, however, it was noted that the
previous Class A TAPs had, for the most part, annual averaging periods and Class B TAPs had
24-hour averaging periods. The current version of the regulations use annual, 24-hour, and
hourly averaging periods and no longer designate Class A and B. None of the TAPs with hourly
averaging periods were above the de minimis.

The "Plateau" and "Ceiling" values used for all current TAPs with annual averaging periods
were multiplied by a factor of 10. Table 2-1 takes the highest "Plateau" of $5,700 and the
"Ceiling" of $10,500 values from the previous tBACTs and multiplies these by the factors of 5
and 10 to demonstrate this tBACT adjustment described above.

Toxic Air Pollutants (TAP) Classification
Annual Averaging TAP 10 $57,000 $105,000
24-hour Averaging TAP 5 $28,500 $52,500

Option 2: The second option used in the previous tBACT evaluations for assessing tBACT cost
effectiveness was based on individual pollutant ASILs and involves calculating a pollutant-
specific cost factor using the following:

Cost Factor = logio(27,000 + ASIL)

The cost effectiveness thresholds for tBACT "Plateau" and "Ceiling" values were then
determined for each pollutant by multiplying the maximum pollutant "Plateau" and "Ceiling"
values by the pollutant-specific cost factor. Table 2-2 demonstrates these cost factors for all
pollutants determined to be above the de minimis for purposes of this tBACT evaluation.

Designated Methodology: All of the tBACT cost factors from Option 2 were under a factor of
10, except for dimethyl mercury. A multiplier of 10 was determined to be the upper limit for
adjustment of the previously used tBACT "Plateau" and "Ceiling" values. The upper and
bounding "Plateau" and "Ceiling" values used for this tBACT evaluation were then $57,000/ton
and $105,000/ton respectively.
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Particulate Metal Compounds
Arsenc & norgnic rsenc Copouns 0.003037.

Bieyllium lr& Compond (NOS) 0. 0004 17 7.
Cadm11-ium & Compound-s" (),000238 I.
Chromiumi Hexavalent: Soluble. exce:pt Chromic Trioxide 6.67E-696

ManganeSe & Comrpounds, 0.04 5.8
Mercury Compounds

Mercur, Eleental0.095.
Dimethyl Mercury 1.0017-99 103.4

1, 1,2,2-Tetrachloroethane t 1 6.2
T1, 2-Trhlorothanie 0.0625 5. 6
1,2-Dibrorroethane 0.0141 6.3

1 ,'-Dichloroediane 0,03855.
1,2- IC 11Iozropan 0.1 5.4

I "3-Butadjene 00586.7
1,4-Dichlorobeuzene 0.095.
I ,4-Dioxanie 0.,13 5-3
Acetaldehye 0.37 4.9

Aitoitie0.003 45 . 6.9
Beruzene 0,0345 59
Benizv] Chloride 0.0204 6.1
Carbon Tetrachloride 0.0238 6.1
Chljoroform 0.0435 5.8
Dichloromrethane 1 4.4
Ethylbeuizene .0.4 4.8
Etlvenie oxide 0.0114 6.4
Hlexachlorobutadiene 0.0455 .5.8

Hlexac:hloroethane 0-09095.
Naphthalene 0.0294 6,0
ri-Nitrosodiethylarmire I JX)E-4 8.4
ni-Nitrosodimthlniu 0.000217 8.1
ni-Nitroso-di-ni-burdii time0.0337
ri-Nitrosodi-n-ptopylamine 000 .
n-Nitrosomnorholtne O002 ,
ni-Ni moo--ieleythylam-ine " 58-
tn-Nitrosopyrroli dine 0.00 167 7.2
Perchloroethylene 0, t69 5.2
Polvchlorinated BiphenN Is (PCFs) )1

Trichoroety4.7
V'iyl Chloride 028 6.3
Source: RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Noni-Radiological Air Source Term for 241-SY Farm
and 241 -AP Farm Primary Ventilation Systems U'pgrades) (May 2010) and SVFT-1821, Rev 1. Non-Rad Air Source Term for 241-
SY Farm and 241 -AP Farm Pria= Ventilation System Upgrades..x Ism (May 20 10)
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3.0 DOUBLE SHELL TANK SYSTEM PRIMARY VENTILATION SsTEM DESCRIPTION AND

ASSOCIATED SOURCE TERM
System Description
Figure 3-1 shows overall configuration of the Hanford tank fanns that are located in the 200
East and 200 West area of the Hanford Site. The DST farms are used for storage, treatment,
retrieval, and transfer of the tank waste, including future transfers to the WTP.

Each DST farm currently exhausts emissions through a primary ventilation system. These
primary ventilation systems serve as a containment system for radioactive particulates present in
the tank headspace, vent flammable gases and vapors that evolve from the liquid surface in the
DSTs, and remove heat. The system operates by drawing outside air into and through the tank
headspace. After the air leaves the headspace, the ventilation system conditions the outlet stream
to remove entrained moisture, reduces relative humidity, and filters particulates. During exhaust
discharge to atmosphere through the stack, the exhaust is monitored and sampled for radioactive
particulates.

Ventilation system upgrades for each of the DST farms are needed for operational reliability and
to support future waste feed delivery for the WTP. The primary ventilation system upgrades
includes design, fabrication, installation, and construction acceptance testing. Each Tank Farm
will have two parallel systems to include exhausters, deentrainer, heater, pre-filter, HEPA filter
trains (two in series), fan, exhaust stack, ventilation system ducting, and stack and associated
stack monitoring equipment including record samplers, continuous air monitors and other
detectors.

3-1. LocationofTauk Farms i Eastand 200 WestIAEas of the H 0anfordSite
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Currently, the primary ventilation system requirements are:

* Remove heat from the primary tank by removing water vapors from the headspace.
* Confine materials by maintaining vacuum conditions within the tank.
" Remove moisture from the exhaust air by condensation and de-entrainment.
* Remove radioactive particulate materials from the gaseous effluent.
" Remove flammable gases from the primary tank vapor space.

The major components of the current primary ventilation subsystem include: filtration,
fan/blower, stack, and monitoring and control instruments as shown in Figure 3-2. The exhaust
fans maintain a negative pressure on the tanks, thereby eliminating fugitive emissions, maintain
an adequate airflow for cooling of the tanks, and remove any accumulated flammable gases. In
the event of a failure of the operating filtration train and/or exhaust fan, the standby filter bank
and exhaust fan are activated.

An exhaust air cooler is optionally placed in the flow stream between the storage tanks and the
deentrainer (moisture separator). The function of the cooler is to reduce the temperature of the air
stream so as not to exceed the maximum operating temperature of the stack monitoring and
control system. Moisture is removed by the primary ventilation system via the deentrainer.
Collected condensate is returned to a designated DST in the farm. The system reduces the
relative humidity by heating the exhaust air stream before it enters the prefilter and the HEPA
filters. The prefilter removes the large particulates and reduces the load on the HEPA filters.
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Two HEPA filters are used in series; these filters are test qualified by the manufacturer to
comply with ASME AG-1, Section FC, and remove 99.97% of particulate greater or smaller than
0.3 microns.

The exhauster train has a centrifugal fan, which induces the air flow through the DSTs to the
HEPA filters. It is located downstream of the HEPA filters and discharges into the stack. Each
train is self contained; each exhaust system has its own stack.

Source Term
The source term data used for this tBACT demonstration is documented in RPP-RPT-44009 and
SVF-1821. The source term assesses potential release rates of hazardous chemicals to double-
shell tank farm ventilation exhausters during waste storage operations and operations supporting
waste feed delivery to the WTP. The source term is bounded by potential releases of hazardous
chemicals from 241 -AP Farm as discussed below. The following methodology was used to
determine the Hanford DST farm source tenm:

" Compare WAC-173-460-150, Table of ASIL, SQER andDe Mininis Values and Tank Waste
Information Network System (TWINS) listed substances by common name and by Chemical
Abstract Service registration number (CAS#). CAS#s were used to sort and match the listing
of CASgs found in TWINS.

* TWINS data is for both SSTs and DSTs
" Extract common entries for evaluation as a TAP and calculate release rates for each by

multiplying measured headspace concentrations by the headspace ventilation flow rate.
" Equate potential release rate of each to the highest calculated release rate.
" Increase potential release rates for tanks with waste disturbing activity (waste transfer or waste

mixing operations) by a factor of ten to account for the increased headspace concentration.
Assume that up to two tanks in a farm have waste disturbing activities in progress and that the
waste in the remaining tanks experience quiescent conditions.

" Select the DST Farm with the largest number of tanks (e.g. 241-AP Farm with eight tanks).
* Determine the source term multiplier for the selected tank farm [for 241 -AP Farm: two tanks

with waste disturbing activity (2 x 10 = 20) plus six tanks with quiescent waste conditions (6 x
I = 6) for a total source term multiplier of 26].

* The bounding DST farm source term for each hazardous chemical is equal to the highest
calculated release rate multiplied by 26.

Approximately 90 chemical compounds were identified as TAPs. Of the 90 identified TAPs, 41
were identified to be above the de minimis values in accordance with WAC- 173-460-150 (Table
of ASIL, SQER, and De Minimis Values). These 41 TAPs are listed in Table 3-1. Based on these
41 compounds, four tBACT analyses (reflecting similar physical and chemical properties) are
required to assess emission control technologies for all TAPs above de minimis thresholds:

" Toxic organic compounds (Section 4.0)
* Ammonia (Section 5.0)
" Mercury compounds (Section 6.0)
* Particulate metal compounds (Section 7.0).
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7440-47-3 Year 2.63E+00 6.AOE-05

D-20 
Page 10

Cobalt 7440-48-4 24-hr 4.70E-03 0.000657
Manganese & Copunds 7439-96-5 24-hr 4.70E-03 0.000263
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4.0 iDENTIFICATION AND E VALUATI ON OF E MISSION CONTROL TECHNOLOGY OPTIONS FOR

TOxIC ORGANIC COMPOUNDS
This section covers the detailed tBACT evaluation for toxic organic compound emissions for the

DST farm system. Toxic organic compound emissions have been evaluated and defined by RPP-
RPT-44009 and SVF-182 1. Thirty-two (32) different, toxic, organic compounds have been
estimated to be above their de minimis levels (see Section 3.0, Table 3-1 as defined in RPP-RPT-
44009 and SVF-l 821). All toxic organic compounds will be treated as a group of TAPs because

they have similar physical and chemical properties and similar control technologies. The total
annual toxic organic compounds emitted from the operations of a primary ventilation system of a

DST farm are estimated to be 0.48 tons/year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Toxic Organic Compounds
The following emission control technologies have been identified for the destruction and/or
removal of toxic organic compound emissions.

" Activated carbon adsorption.
* Wet scrubber absorption.
" Thermal catalytic oxidation.
" Thermal non-catalytic oxidation

Step 2: Elimination of Technically Infeasible Options/Development of Short List
for Toxic Organic Compounds
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of toxic
organic compound emissions from the primary ventilation system in DST farm processes. The
screening criteria were applied for the suite of control technologies for toxic organic compounds
listed above and are shown in Table 4-1. The only identified emission control technology that
was determined to be technically infeasible and eliminated for this application is thermal
catalytic oxidation.

Control Description Screening Results
1 Activated Carbon Adsorption Applicable
2 Wet Scrubber Absorption Applicable
3 Thermal Catalytic Oxidizer Eliminated
4 Thermal Non-Catalytic Oxidation Applicable

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile or
toxic organic compound emissions from a variety of sources. Generally high flow, low
concentration applications are best suited to produce high removal efficiencies for this
technology. Particulates or halogenated volatile organic compounds and heavy metals can clog
the packed bed or poison or deactivate the catalyst reducing the design life of the unit. Specific
poisons include halogenated compounds, mercury, arsenic, sulfur, sodium, and calcium. Many
of these compounds are found in the tank waste in high concentrations.

Page 11
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Step 3: Rank Remaining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the
control technology to reduce the post treatment maim
emission rate for a given TAP or group of Removal
TAPs. The short list of tBACT technologies for Ranking/Technology
toxic organic compounds in order of removal la. Acti2d Carbon 99%
efficiency is provided in Table 4-2. The Adsorption
technologies with a removal efficiency of 99% lb. Thermal Non-Catalytic 99%
or greater were down-selected for further Oxidation
tBACT economic evaluation which include 3. Wet Scrubber Absorption 70-90%
activated carbon adsorption and thermal non-
catalytic oxidation. Nevertheless, a general
technology overview of wet scrubber absorption
is described below for evaluation completeness.

Activated Carbon Adsorption: The principal use of activated carbon as a control technology is
for the removal of VOCs such as hydrocarbons, solvents, toxic gases and organic based odors. In
addition, chemically impregnated activated carbons can be used to control certain inorganic
pollutants such as hydrogen sulfide, mercury, or radon. When properly applied, the adsorption
process will remove pollutants for which it is designed, to virtually nondetectable levels. Carbon
adsorption is equally effective on single component emissions as well as complex mixtures of
pollutants.

Figure 4-1. T pical Adsorp tion Isotherm (Benzene)
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Physical adsorption is dependent on the characteristics of the pollutant to be adsorbed, the
temperature of the gas stream to be processed, and the concentration of the contaminant in the
gas stream. The adsorption capacity for a particular pollutant represents the amount of the
pollutant that can be adsorbed on a unit weight of activated carbon consumed at the conditions
present in the application. Typical adsorption capacities for moderately adsorbed compounds
range from 5 to 30 percent of the weight of the carbon. A typical carbon adsorption isotherm
(i.e., benzene) is shown in Figure 4-1. This figure shows that the adsorption of a compound is
inversely proportional to the concentration when plotted on a log-log scale.

Activated carbon adsorption is applicable to low boiling point, small toxic, and volatile organic
molecules. Large toxic or organic molecules are very difficult to remove from an activated
carbon bed either by steam or by hot inert gas stripping and frequently result in decomposition or
permanent plugging of the carbon bed. When a small fraction of the toxic organic compound
"high boilers" (large molecular weight, high boiling point compounds) are present, a sacrificial
guard bed is used to protect the main regenerable beds from poisoning. The guard bed is replaced
when breakthrough occurs. Large toxic or organic molecule activated carbon adsorption is
economical only when the recoverable toxic organic compound is the significant fraction of the
total toxic organic compounds with a small percentage of high boilers.

For toxic or volatile organic compounds at low concentration (below 100 vppm), the typical
control technology is fixed bed adsorption on activated carbon and disposal of carbon off site. In
most cases, the adsorbent can be "reactivated" under similar conditions as the "activation process
(-1000 C steam/air environment) where the adsorbed compounds are destroyed and the carbon is
returned to near its original capacity. In addition, fixed adsorption is analogous to
chromatography, the various organic compounds adsorbing have a significant impact on the
adsorption capacity of other organic molecules, due to both displacement and to near permanent
deposition on the carbon bed. Thus, while the adsorbent may indicate a relatively high pure
component adsorption capacity for a particular component, when the gas stream has a large
variety of organic molecule sizes and boiling points, the equilibrium capacity indicated by
adsorption isotherms for that component cannot be approached.

As an example, a pure component isothennal capacity of 10 wt% may be reduced to as low as
0. 1wt% in a multi-component system due to displacement by other components of the gas stream
or by the "plugging" of otherwise available surface by high molecular weight compounds. The
effect of "co-adsorbates" in the individual breakthrough adsorption time of the toxic organic
compounds was estimated by the National Research Council (NRC) in relation to chemical agent
incineration effluent control in a dynamic system. (NRC 1999, The Disposal ofActivated Carbon
from Chemical Agent Disposal Facilities) and is shown in Table 4-3 (on next page).

Also, many emission source terms are defined with many safety factors, typically increasing the
assumed concentration of the toxic organic compounds in the inlet gas stream, often by as much
as an order of magnitude. Adsorption capacity is concentration dependent and an order
magnitude decrease in organic compound concentration typically results in halving the
adsorption capacity. Therefore, using an inflated source term for toxic organic compound
concentrations, results in an undersized adsorption system.
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Volatile Organic Estimated Initial Estimated Breakthrough Estimated Time for Multi-
Compound Concentration (ng/m3)' Time as Single Component" Component PFS Flue Gas'

Benzene 90,000 2.4 years 14,2 hours

Carbon tetrachloride 35,000 4.1 years 7.1 minutes

Chlorofonn 22,000 2.5 years 5.7 hours

Vinyl chloride 4,500 1.7 days 9.5 minutes
Notes: 'Bed dimensions - 214 square feet. I foot deep. 3.030 kg of carbon

5Calculated based on D-R equation assumig complete saturation of filter at 135F
'Based on multi-component computer model, 1350 F. 67 percent relative humidity
Source: National Research Council. 1999

Furthermore, due to mass transfer limitations, only very large adsorbent beds approach the
equilibrium capacity under dynamic conditions. The length of the mass transfer zone (MTZ) is
again highly dependent on the properties of both the adsorbent structure (macro and micro
porosity) and the properties of the organic compounds. This is further complicated in case of
variable concentration of organic compounds entering the adsorbent bed, because both
adsorption and desorption mass transfer needs to be considered. In most cases, the desorption
MTZ is significantly longer than the adsorption MTZ. These factors establish the minimum bed
depth (in the flow direction) criterion for adsorbent bed design. Typically, the minimum bed
depth, for long term use applications, should be several orders of magnitude longer than the
MTZ. Therefore, adsorbent beds cannot be designed solely on the adsorbent mass basis, the
geometry is also important. If the bed depth is shorter than one MTZ for a particular compound,
then instantaneous breakthrough of the organic compound will occur. (Schweitzer, 1988,
Handbook of Separation Techniques for Chemical Engineers, 2 "d Edition).

In summary, activated carbon has been shown to be applicable for treatment of a wide variety of
environmental pollutants. It is a proven technology that is simple to install and easy to operate
and maintain. Capital costs are among the least expensive for most alternative treatment
technologies. Operating costs are primarily related to the amount of activated carbon consumed
in the adsorption process.

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is the process of oxidizing
combustible materials by raising the temperature of the material above its auto-ignition point in
the presence of oxygen, and maintaining it at high temperature for sufficient time to complete
combustion to carbon dioxide and water. Time, temperature, turbulence (for mixing), and the
availability of oxygen all affect the rate and efficiency of the combustion process. These factors
provide the basic design parameters for oxidation systems (ICAC 1999, Institute of Clean Air
Companies, Control Technology Information - Thermal Oxidation).

Page 14
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Typical thermal oxidation design efficiencies range from 98 to 99.99% and above, depending on
system requirements and characteristics of the pollutants (EPA 1992; Control Techniques for
Volatile Organic Emissions from Stationary Sources; EPA 1996, OA QPS Control Cost Manual).

Thermal oxidation often the best choice when high efficiencies are needed and the waste gas is
above 20% of the Lower Explosive Limit (LEL). Oxidation units, in general, are not
recommended for controlling gases containing halogen- or sulfur-containing compounds because
of the formation of highly corrosive acid gases. It may be necessary to install a post-oxidation
acid gas treatment system in such cases, depending on the outlet concentration to reduce
increased corrosion rates (EPA, 1996). Thermal incinerators are also not generally cost-effective
for low-concentration, high-flow organic vapor streams (EPA 1995, Control and Pollution
Prevention Options ]br Ammonia Emission).

Wet Scrubber Absorption: Wet scrubber absorption is widely used as a raw material and/or
product recovery technique in separation and purification of gaseous streams containing high
concentrations of volatile and toxic organic compounds, especially water soluble compounds
such as methanol, ethanol, isopropanol, butanol, acetone, and fornaldehyde (Croll Reynolds
1999, Croll Reynolds Company, Inc., web site hitp./www.croll.com). However, as an emission
control technique, it is much more commonly employed for controlling inorganic gases than for
volatile or toxic organic compounds. When using absorption as the primary control technique for
organic vapors, the spent solvent must be easily regenerated or disposed of in an environmentally
acceptable manner (EPA 1991, Control Technologiesfor Hazardous Air Pollutants). When used
for particulate control, high concentrations can clog the bed, limiting these devices to controlling
streams with relatively low dust loadings (EPA 1998, Stationary Source Control Techniques
Document for Fine Particulate Matter).

Physical absorption depends on properties of the gas stream and liquid solvent, such as density
and viscosity, as well as specific characteristics of the pollutant(s) in the gas and the liquid
stream (e.g., diffusivity, equilibrium solubility). These properties are temperature dependent, and
lower temperatures generally favor absorption of gases by the solvent. Absorption is also
enhanced by greater contacting surface, higher liquid-gas ratios, and higher concentrations in the
gas stream (EPA, 1991). Chemical absorption may be limited by the rate of reaction, although
the rate-limiting step is typically the physical absorption rate, not the chemical reaction rate
(EPA, 1996). In addition, spent scrubbing waste water will be generated during unit operations
and usually is not returned to the original system for recycle.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for toxic
organic compounds, an economic evaluation of the two highest ranked technologies with
efficiencies of 99% or greater was performed. The economic evaluations, total capital and annual
operating costs, for thermal non-catalytic oxidation and activated carbon adsorption are given in
Table 4-4 and 4-5, respectively.

The economic analyses included evaluation of direct and indirect capital costs (equipment and
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials were
applied. The above costs do not include disposal of secondary waste or post-oxidation acid gas
treatment.

Page 15D-25



river RPP-ENV-48231, Rev.0, Appendix 
D

wald pr"teco RPP-ENV-46679 Rev. 1

The equipment costs used in this evaluation were obtained by NUCON International, Inc by
obtaining quotes from suppliers (Appendix 1) and using previous experience and expertise in
ammonia TBACT evaluations; and reviewing costs from letter 0401233/DOE-ORP: 04-ED-
057,"Submittal of Toxic Best Available Control Technology (tBACT) Determination and
Revised Pages to Non-Radiological Notice of Construction for Operation of New Ventilation
Systems In AN and AW Tank Farms (RPP-20774)"- Letter.

and 24590-WTP-RPT-ENV-01-005, Best Available Control Technologv Analysis fir Toxic Air
Polhtantsfor the WTP (2002). Specific quote costs were given priority over the report estimated
costs, which were 2002 and 2004 vintage, although in several cases where comparisons were
made between estimates and quotes; the differences in cost were minor. The total annualized
costs were based on a 10% rate of return and a 40-year facility life for activated carbon
adsorption with treated adsorbent and a 10-year facility life for thermal non-catalytic oxidation
due to corrosion issues mainly from halogenated organic compounds.

Step 5: Select tBACT
The cost/ton for removal of toxic organic compounds exceeds the cost effective threshold
previously acceptable to Ecology. Therefore, no specific control technologies were selected for
toxic organic compounds removal. The annualized costs are summarized in Section 8.
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Table 4-4. Toxic Organic Compounds -- Thermal Noni-Cataly tic Oxidation Capital and A.nnual
Cost-Summary

Total Capital Costs (TCC) $795,000
Total Direct Costs $615680
Purchased Equipment costs

Equipment $340,000
Required Ancillary Equipment ($l0/cfm) 3000 S30,000
Instrumentation and Control 15% of Equipment $51,000
Freight 5% of Equipment $17,000

Sub-total Purchased Equipment Costs (PEC) $438,000
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC $61,320
Electrical 4% of Subtotal PEC $17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC $17,520
Painting 2% of Subtotal PEC $8,760

Sub-Total Installation costs (IC) $157,680
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft) Not Addressed N/A
Total Indirect Capital Costs $179,580

Engineering 10% of Subtotal PEC $43,800
Construction and Field Expenses 5% of Subtotal PEC $21,900
Start-up 10% of Subtotal PEC $43,800
Performance Tests 1% of Subtotal PEC $4,380
Contingencies 15% of Subtotal PEC $65,700

Total Annual Costs (TAC) $666,000
Direct Annual Costs
Utilities

Electricity o $008/kWhfr $515
Steam $6.00/1 (V) lbs so
Water 25/1000 gso
Natral Gas S5.37/MCF: $635,56
Mfateials/C heicals Process Specific so

operating Expenses
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $498
Seconda r Wasie S 129.24/cf so

Mainterance
Labor $62175/Hr $2,510
Materials,; $680

Indirect Annual Cosis
OverheAd Included in Labor Costs so
Administrative 2%ofTCC -$15,905
Insurance I%of TCC $7.952

Annualized Cost per Ton of Toxic Organic Compounds $6,081,000
See Appendix 1-B.
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Total Capital Costs (TCC) $865,000
Total Direct Capital Costs S669,536
Purchased Equipment costs

Equipment $373,000
Required Ancillary Equipment ($10 cfm) 3000 S30,000
Instrunentation and Control 15% of Equipment $55,950
Freight 5% of Equipment S18,650

Sub-total Purchased Equipment Costs (PEC) $477,600
Direct Installation Costs

Foundation & Suppot 8% of Subtotal PEC $38,208
Handling & Erection 14% of Subtotal PEC $66,864
Electrical 4% of Subtotal PEC $19,104
Pipmg and Duct Work 4% of Subtotal PEC S19,104
Insulation for Piping and Equipment 4% of Subtotal PEC S19,104
Painting 2% of Subtotal PEC $9.552

Sub-Total Installation costs (IC) $171,936
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft2) Not Addressed N/A
Total Indirect Capital Costs S195,816

Enginaieering, 10% of Subtotal PEC S41,760
Construction and Field Expenses 5% of Subtotal PEC $23,880
Start-up 10% of Subtotal PEC $47,760
Performance Tests 1% of Subtotal PEC $4,776
Contingencies 15% of Subtotal PEC S71,640

Total Indirect Costs s195,640

Annuafzet Lost per ion ox ltxic Urganic Lompounts
See Appendix 1-C.
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5.0 IDENTIFIC ATION AND EVALUATION OF EMISSION CONTIROL TECHNOLOGV OPTIONS FOR

AMMONIA
This section covers the detailed evaluation for ammonia emissions tBACT. Ammonia emissions
have been defined by RPP-RPT-44009 and SVF-1821. Emissions are estimated to be 72 lb/24 hr
averaging period derived from Table 3-1 or 13 tons/year.

Step 1: Emission Control Technologies Identified

EPA documents present add-on control technologies used for ammonia emissions control
(Control and Pollution Prevention Options for Ammonia Emissions, EPA-456/R-95-002). The
add-on control technologies identified are wet scrubbers and condensation. These technologies
are thoroughly described in the EPA references (EPA-456/R-95-002 and EPA/452/B-02-001)
and in letter 0401233/DOE-ORP: 04-ED-057. Use of the EPA cost estimating program also
suggests two other technologies may be considered as control technologies including activated
carbon adsorption and thermal oxidation. The following emission control technologies have been
identified for the destruction and/or removal of ammonia:

" Wet scrubber absorption
- Activated carbon adsorption with untreated adsorbent
* Activated carbon adsorption with treated adsorbent
* Thermal non-catalytic oxidation
" Thermal catalytic oxidation
" Biofiltration
" Condensation

Step 2: Elimination of Technically Infeasible Options
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
ammonia emissions from the primary ventilation system for DST farm operations. The screening
criteria were applied for the suite of control technologies for ammonia removal and/or
destruction listed above and are shown in Table 5-1. The identified emission control
technologies that are technically infeasible and eliminated include:

* Activated carbon adsorption with untreated adsorbent
" Thermal catalytic oxidation
" Biofiltration
" Condensation

Activated Carbon Adsorption with Untreated Adsorbent: Activated carbon adsorption with
untreated adsorbent is not suitable for the DST farm source term. This is due to low adsorption
capacity/efficiency of most commercially available adsorbents and associated at the low
ammonia concentrations that exist in the DST farm exhaust. See Section 4.0, Activated Carbon
Adsorption discussion, for additional details.

D-29 
Page 19
Page 19D -2 9



river RPP-ENV-48231, Rev.0, Appendix D
a protection RPP-ENV-46679 Rev. 1

I Wet Scrubber Absorption Acceptaoie

2 Activated Carbon Adsorption with Untreated adsorbent Eliminated

3 Activated Carbon Adsorption with Chemically Treated Adsorbent Acceptable

4 Thermal Non-Catalytic Oxidation Acceptable

5 Thermal Catalytic Oxidation Eliminated

6 Biofiltration Eliminated

7 Condensation Eliminated

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile
organic compounds and ammonia emissions from a variety of sources. Generally high flow, low
concentration applications are best suited to control these process units. Particulates or
halogenated volatile organic compounds and heavy metals can clog the packed bed or poison or
deactivate the catalyst reducing the design life of the unit. Specific poisons include halogenated
compounds, mercury, arsenic, sulfur, sodium, and calcium. See Section 4.0, Thermal Catalytic
Oxidation discussion, for further details.

Biofiltration: A bio-filter consists of a bed packed with biological material, sometimes even two
or three beds. The gas stream is lead through the filter bed where the contaminants are removed
from the waste gas by adsorption to and absorption by the filtering material. The components are
then decomposed by micro-organisms. The bed consists of a carrier containing biological
material such as: compost, tree bark, coconut fibers or peat. To decrease the amount of
acidification, calcium or dolomite is sometimes added to the packing material. At high
concentrations of nitrogenous, sulfurous or halogenated compounds, the forming of respectively
nitric acid, sulfuric acid and hydrochloric acid may acidify the filtering material reducing the
overall removal efficiency of the process, thus, drastically increasing the replacement frequency
of the filtering material.

Condensation: Condensation technology removes pollutants from a gas stream that is saturated
with water or warm and damp, by condensing to far below the water's dew point. The
condensate that forms on the heat exchanger, serves as an absorption liquid for contaminants that
are easily dissolvable in water. The relatively large contact surface that is required for the
exchange of heat is also used as a contact surface for the exchange of dust. After passing through
the condenser the gas stream is 100% saturated with water and the remaining condensate drips
are collected with a demister, thus, the contaminants are captured and removed in the liquid
phase. Due to the low concentration of ammonia and high moisture content of the DST farm
emissions, the ventilation exhaust would have to be dried to lower dew points than the ammonia
condensation temperature to prevent freezing and clogging of the condenser.

Page 20D-30



w$* ngkoriver RPP-ENV-48231, Rev.0, Appendix D
. protection s RPP-ENV-46679 Rev. 1

Step 3: Rank Remaining Control _______________________________for
Technologies by Control Effectiveness -
The remaining applicable and available best Control of Ammonia
control technologies for ammonia are shown in
Table 5-2. All of these control technologies Ia. Activated Carbon Adsorption with >99%
have a removal efficiency of 99% or greater and Chemically Treated Adsorbent
are ranked equally. lb. Thermal Non-Catalytic Oxidation >99%

Activated Carbon Adsorption with Ic. Wet Scrubber Absorption 9

Chemically Treated Adsorbent: For the
removal of ammonia, the activated carbon needs to be chemically treated with phosphoric acid
(between 15-30 wt%) to obtain removal efficiencies of greater than 99%. The activated carbon
acts a collection substrate while the ammonia removal takes place by a reaction between the
ammonia and the phosphoric acid. The ammonia removal capacity under equilibrium conditions
is near stochiometric and is related to the phosphoric acid concentration. Adsorption efficiency is
affected by other compounds that can be adsorbed on the activated carbon but will not be
poisoned by them.

Removal efficiency is greater than 99% for fresh adsorbent and decreases near the stochiometric
loading of the adsorbent. Adsorption on chemically treated activated carbon is more suitable for
low concentrations of ammonia but it is capable of handling limited ammonia concentration
spikes. Spent chemically treated adsorbent, while theoretically can be re-activated by thermal
treatment, is typically disposed in landfills. See Section 4.0, Activated Carbon Adsorption
discussion, for further details.

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is a high temperature air-
ammonia process reaction without the use of a catalyst. The destruction efficiency depends on
the temperature of the unit operations. Greater than 99% ammonia destruction can be achieved at
low temperature.

This technology is also capable of handling various concentrations of ammonia in the inlet
stream and it is not sensitive to concentration spikes. In addition, thermal non-catalytic oxidation
is not sensitive to halogenated or metallic compounds in the inlet stream (i.e., treats and destroys
the majority of toxic or volatile organic compounds). However, acids and dioxins will be
generated during the destruction of halogenated organic compounds, which will contribute an
increased corrosion rate on materials of construction, thus, shortening the design life of the
process unit. Oxides of nitrogen are also generated by this process, which depending on
concentration may require additional treatment. See Section 4.0, Thermal Non-Catalytic
Oxidation discussion, for further details.

Wet Scrubber Absorption: Scrubber absorption is a common emission technology for
ammonia reduction, however it is used at higher concentrations than present in defined DST
farm source term (RPP-RPT-44009 and SVF- 1821). At defined source term concentrations, the
scrubbing liquid has to be acidified to efficiently collect the ammonia. The scrubbing liquid is
replenished based on the conversion rate to salt and needs to be treated as secondary waste.
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The spent scrubbing secondary waste water cannot be returned to the DST system and will need
to be sent to the effluent treatment facility (ETF). The quantity of ammonium sulfate which
would have to be treated by the ETF, based on the source term value, is in excess of 100
tons/year and exceeds the current ETF treatment capacity. See Section 4.0, Wet Scrubber
Absorption discussion, for further details.

Step 4: Evaluation of Most Effective Control Technologies
To generate the data for the evaluation of the most effective control technologies for ammonia,
an economic evaluation of the above identified technologies applied to each unabated off gas
stream was performed. The economic evaluations for ammonia control technologies are shown
in the following tables:

* Table 5-3 - Thermal non-catalytic oxidation
" Table 5-4 - Activated carbon adsorbers with treated adsorbent
* Table 5-5 - Wet scrubber absorption

The economic analyses included evaluation of direct and indirect capital costs (equipment,
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials and adaptation
to field operations and maintenance were applied. The above costs do not include disposal of
secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc by
supporting the design and fabrication of similar facilities by obtaining quotes from suppliers
(Appendix 1) and using previous experience and expertise in ammonia tBACT evaluations; and
reviewing costs from letter 0401233/DOE-ORP: 04-ED-057. Specific quote costs were given
priority over the report estimated costs, which were 2002 and 2004 vintage, although in several
cases where comparisons were made between estimates and quotes the differences in cost were
minor. The total annualized costs were based on a 10% rate of return and a 40-year facility life
for activated carbon adsorption with treated adsorbent and a 10-year facility life for thermal non-
catalytic oxidation and wet scrubber absorption due to corrosion issues mainly from halogenated
organic compounds and sulfuric acid scrubbing liquids, respectively.

Step 5: Select tBACT
The S/ton for removal of ammonia exceeds the cost effective threshold previously acceptable to
Ecology. Therefore, no specific control technologies were selected for ammonia removal. The
annualized costs are summarized in Section 8.
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Coot Item Basds COW-
Total Capital Costs (TCC) $795,000
Total Direct Capital Costs $615,680
Purchased Equipment costs

Equipment $340,000
Required Ancillary Equipment ($ 0/cfm) 3000 S30,000
Instrumentation and Control 15% of Equipment $51,000
Freight 5% of Equipment $17,000

Sub-total Purchased Equipment Costs (PEC) $438,000
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC $61,320
Electrical 4% of Subtotal PEC $17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC $17,520
Painting 2% of Subtotal PEC $8,760

Sub-Total Installation costs (IC) $157,680
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - fW) Not Addressed N/A
Total Indirect Capital Costs $179,580

Engineering 10% of Subtotal PEC $43,800
Construction and Field Expenses 5% of Subtotal PEC $21,900
Start-up 10% of Subtotal PEC $43,800
Performance Tests 1% of Subtotal PEC $4,380
Contingencies 15% of Subtotal PEC $65,700

Total Annual Costs (TAC) $666,000
Direct Anmual Costs
Utilities

Electricity $0.08/kWhr S515
Steam $6,00/1000 lbs so
Water $O.25/;10OW gaillons so
Natural Gas $5.37/MCF $635,056)
MateriaChecmicals PcssSpecific so

Operating Expeises
Operat$62 r S3,263
SupIrvisor 15% of Operator $489
Secondary Waste 'T&D (Q/ year carbon life) $129.2/cf so

Maintenance
Labor $62.75 Hr $2,510
Materials S680

Indirect Annual Costs
Overhead Included in Labor Costs so
Admiistrative 2 % of TCC S 5,905
Insur-ance 1% Of TCC $7,952

Annualized Cost per Ton of Ammonia $223,000
See Appendix 1-B.
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Annualzea tost per i on ox Ammoma
See Appendix i-C.

$392,000
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Insulation for Piping and Equipment
Painting

Sub-Total Installation costs (IC)

3000
15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

$1,468,800

$117,504
$205,632
$58,752
$58,732
$58,732
$29,376
$528768

Site Preparation Equipment Specific $20,000
Building Costs (Eqipment fooprnt - ft2) Not AddressedN/
Total Indirect Capital Costs $602,208

Engineering 10% of Subtotal PEC $146,880
Construction and Field Expenses 5% of Subtotal PEC $73,440

Annualized Lost per Ion ot Ammonia
See Appendix 1-D.
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6.0 IDE NIF1CAION VND EVALUATION OF E MIssION CONTROL TECIiNOLOGN OPTIONS FOR

MERCURY COMPOUNDS
This section covers the detailed tBACT evaluation for mercury and related compounds including
dimethyl mercury for the DST farm system. Mercury and related compound emissions have been
evaluated and defined by RPP-RPT-44009 and SVF- 1821. Dimethyl mercury is the only
compound identified exceeding its ASIL limit (1.00E-99 ig/m3 ). The maximum off-site
concentration for dimethyl mercury is estimated to be 3.23E-8 g/Mi3, with a corresponding
release rate of 5.40E-7 tons/year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Mercury Compounds
The following emission control technologies have been identified for mercury compounds
including dimethyl mercury:
* Wet scrubber Absorption.
" Powdered Carbon Injection
" Powdered Carbon Injection with chemically treated carbon
" Fixed Carbon Beds
" Fixed Carbon Beds with chemically treated carbon
* Depleted Brine Scrubbing
* Selenium Filters
* Gold Amalgamation

Step 2: Elimination of Technically Infeasible Options
Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of
mercury compounds, including dimethyl mercury, emissions from the primary ventilation system
of the DST farm operations. The screening criteria for applicability were applied to the control
technologies listed above and are shown in Table 6-1. All identified control technologies except
for one has been eliminated for the removal of mercury compounds. The primary reason for
elimination of these technologies is due to they have not been proven at a sufficient scale and
irresolvable technical difficulties. A brief description of each of each control technology is given
below:

Tgblv 6-1. Mercory Com onds - PatentialtAC

I Wv et scrubber Absorption Emhinated

2 Powdered Carbon Injection Eliminated
3 Powdered Carbon Injection with chemically treated carbon Eliminated
4 Fixed Carbon Beds Eliminated
5 Fixed Carbon Beds with chemically treated carbon Applicable
6 Depleted Brine Scrubbing Eliminated
7 Selenium Filters Eliminated

8 Gold Amalgamation Eliminated
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Wet Scrubber Absorption: Wet scrubbing, requires highly reactive sulfur containing additives
in the scrubbing liquor and has reasonable efficiency for water soluble mercury compounds only.
It has been applied on some coal fired power plants where the primary purpose of the scrubbing
is acid gas removal. There is no chemical reason or any experimental data indication to expect
that organic mercury compounds can be removed. For example, dimethyl mercury, an organic
mercury compound, is not water soluble and is not applicable for wet scrubbing abatement
technologies. Extensive waste liquid disposal or collection and treatment are required to support
this technology. See Section 5.0, Wet Scrubber Absorption discussion, for further details.

Powdered Carbon Injection: Powdered carbon injection is an existing control technology for
power plants where powdered carbon is injected into the flue gas and reacts with mercury both in
the gas phase and upon deposition in the particulate collecting bag-house of the power plant. It
can be considered only when bag-house collectors are installed downstream and the carbon is
continually injected and removed in conjunction with the ash collected in the bag-house.
Mercury removal efficiencies have been cited between 50 - 70% for elemental mercury.

Powdered Carbon Injection with Treated Carbon: Powdered Carbon Injection with
chemically treated carbon, is a variation of the above process, resulting in somewhat higher
mercury removal efficiency at an increased carbon cost and commensurate corrosion problems
from the typical additive bromine.

Fixed Carbon Beds with Untreated Carbon: Fixed carbon beds are used in several
applications for mercury vapor control, but their use has been almost completely superseded by
the use of chemically treated carbon in the fixed beds. The mercury is only physically adsorbed
on untreated activated carbon and migrates through the adsorbent bed according to the mass
transfer conditions in the fixed bed. Untreated carbon is more sensitive to the presence toxic
organic compounds and inorganic vapors than the treated carbons. (EPA-452-R-R7-010,
Mercury Study Report to Congress, Volume VIII: An Evaluation of Mercury Control
Technologies and Costs, December 1997 and EG&G-2008-EERC-01-02, EG&G Carbon
Evaluation for Mercury Removal)

Depleted Brine Scrubbing: Depleted brine scrubbing is applicable only to chlor-alkali plants
where the brine is one of the flow streams. This technology is not applicable and is not used in
the other applications.

Selenium Filters: Selenium on adsorbent based filters was eliminated due to selenium being a
toxic material. Sulfur on adsorbents is equally reactive without the additional toxic hazards and
is lower in cost.

Gold Amalgamation: Gold amalgamation is not an industrial process and has only been applied
in mercury concentration measuring instruments only. There is no commercial or industrial
destruction or removal application for this process Sjostrom, et.al, EPA, "Development and
Demonstration of Mercury Control by Adsorption Processes (MerCAP T N)."

MerCAP'" is a Trademark of Lesman Instrument Company. Bernice. Illonois
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Step 3: Rank Remaining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the control technology to reduce the post treatment
emission rate for dimethyl mercury. The only control technology found to be applicable for
mercury (including dimethyl mercury) control is fixed carbon beds with chemically treated
activated carbon.

Carbon, that is chemically treated with sulfur or iodine, can remove mercury compounds. The
most common in industrial applications is the sulfur impregnation of the carbon and is used in
similar composition and size off gas control in the U.S. (e.g., chemical weapons incineration off
gas mercury control, mixed waste incinerator off gas control, nuclear waste melter off gas
control, petrochemical processing). In these applications, the impregnated activated carbon
(IAC) is placed in a fixed bed, either vertically or horizontally and used until the exhaustion of
the IAC. The life of the IAC is dependent on total mercury inlet concentration.

Several laboratory, pilot and full scale tests have been performed with varying degrees of inlet
mercury concentrations in air, in natural gas, and with organic compounds present in the off-
gases of melters, incinerators and other gaseous waste treatment facilities. [INEEL/CON-97-
01225 1997, Mercury Emissions Control Technologies/for Mixed Waste Thermal Treatment

(1997); INEEL/CON-00-01332 2001, Removal of Mercury from the off-Gas from Thermal
Treatment of Radioactive Liquid Wastes (2001)]. One of the common IACs is MERSORB@2 for
which additional test reports are also attached. (Appendix 2)

Impregnated Activated Carbon mercury vapor abatement technologies are mature and have been
successfully used for the control of effluents and emissions in both nuclear and military
applications. The nuclear application typically treats radioactive waste melter effluents and
incineration off gases from processes such as the THOR@ Process3 [Soelberg, et al, IT3 2007
Conference, Qlf-Gas Mercury control using Sulfir Impregnated Activated Carbon - Test

Results, (May 2007)]. The military applications consist primarily of the effluent control from
chemical agent destruction either by thermal or chemical processes.

Several of the tests reported in the MERSORB@ Bulletin were performed using radioactive
mercury (159Hg). Comparing the total mercury decontamination results between the air gas
carrier and natural gas carrier gas streams indicates that the total mercury removal was better
from the natural gas stream, where organic mercury could form from the air stream. The manner,
in which the tests were run, would have indicated different movement of mercury species by dual
radioactivity peaks. No movement of mercury species were observed for long-term test data
generated under chemical agent incineration condition air flows and operations.

There are also reports showing that dimethyl mercury in the presence of methanol decomposes to
methane and elemental mercury [Wongkasemj it, Laboratory Study of Corrosion Effect of
Dimethyl Mercury on Natural Gas Processing Equipment (2000)]. Considering that the methanol
flux in the gas stream is about six orders of magnitude higher than the dimethyl mercury flux, it
is expected that during adsorption treatment of both compounds through the IAC bed, it would
give sufficient contact time to decouple the mercury from the methyl group.

In addition, the Washington State Department of Ecology evaluated mercury and dimethyl
mercury releases from several landfills. [Prestbo, Determination of Total and Dimethyl Mercury

MERSORB is a registered trademark of Nucon International, Columbus, OH
THOR is a trademark of THOR Treatment Technologies, Richland, WA
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in Raw Landfill Gad with Site Screening for Elemental Mercury at Eight Washington State
Landfills for the Washington State Department of Ecology )July 2003)] The sampling train
which used an untreated carbon substrate without impregnation, preferentially adsorbed dimethyl
mercury to elemental mercury.

Under the current Ecology regulations, evaluation of dimethyl mercury abatement systems is
triggered at levels over 1.OOE-99.

The landfill study, cited above, used the best available detection method and resulted in a
dimethyl mercury analysis above 20 ng/m3. This resulted in a reasonable relative standard
deviation (RSD) of -10 %. Below 2 ng/m3 the RSD increased to above 80%. Based on this
report, in a similar gas stream matrix, the minimum reliable detection limit for dimethyl mercury
is 10 ng/m3 or IIOE-2 j g/M3.

Step 4: Evaluation of Most Effective Control Technologies
On the basis of the above, the only available, proven technology for total mercury control, even
in the presence of dimethyl mercury, is treatment of the gas stream by IAC. The sizing, costing
and operating costs are based on one of the IACs MERSORB@. The economic evaluations, total
capital and annual costs, are shown in Table 6-2.

The economic analyses included evaluation of direct and indirect capital costs (e.g., equipment,
installation), as well as annual operating costs (e.g., utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials and
adaptation to radioactive environment operations and maintenance were applied. The above costs
do not include disposal of secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc. who
owns MERSORB@ technology. The total annualized costs were based on a 10% rate of return
and a 40-year facility life and a 10% rate of return on capital for mercury compounds including
dimethyl mercury emissions control.

Step 5: Select tBACT
The cost/ton for removal of mercury and mercury related compounds exceeds the cost effective
threshold previously acceptable to Ecology. Therefore, no specific control technologies were
selected for mercury and mercury related compounds removal. The annualized costs are
summarized in Section 8.
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Purchased Equipment costs
Equipment
Required Ancillary Equipment ($10/cfmi)
Instrumentation and Control
Freight

Sub-total Purchased Equipment Costs (PEC)
Direct Installation Costs

Foundation & Support
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping and Equipment
Painting

Sub-Total Installation costs (IC)
Site Preparation
Building Costs (Equipment footprint - t2)
Total Indirect Capital Costs

Engineering
Construction and Field Expenses
Start-up
Performance Tests
ContinLencies

$247,000
3000 $30,000
15% of Equipment $37,050
5% of Equipment $12,350

$326,400

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
Not Addressed

10% of Subtotal PEC
5% of Subtotal PEC
10% of Subtotal PEC
1% of Subtotal PEC
15% of Subtotal PEC

$26,112
$45,696
$13,056
$13,056
$13,056
$6,528
$117,504
20,000
N/A
$133,824
$32,640
$16,320
$32,640
$3,264
$48,960

Annuanzea uost per I on of Vercury ana Mercury Kelatea tompounas 1)3,UUU,UUU
See Appendix 1-C.
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7.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGN OPTIONS FOR
PARTICULATE METAL COMPOUNDS
This section covers the detailed tBACT evaluation for non-mercury metal compounds for the
DST farm system. Several of the non-mercury metal compounds have emissions above the de
minimis levels. RPP-RPT-44009 and SVF-1821 and are summarized in Table 7-1. These
compounds will be present in particulate form as metals or metal salts.

Table 7-. ParticuqlateConcentrtons

Arsenic (particulate form on excludes hy drides) -
Beryllium 8.46E-08
Cadm~ium 8,46E-07
Chromium 1.59E4)6
Cobalt 5.14E-05
Manganese 5.14E-05

WAC 173-480-060, Emission Standards for New and Modified Emission Units and WAC 246-
247-040, Radiation Protection - Air Emissions state that a BARCT for radionuclides
(particulates) is required and that, at a minimum, a filter train consisting of prefilters, mist
eliminators, and dual HEPA filters must be employed. Since these technologies have already
been evaluated for radionuclides, they will control emissions of particulate metal compounds
identified in Table 7-1. No further technology selection or evaluation steps were performed
except for the evaluation of the radiological control required filtering components efficiency for
these pollutants.

The individual technology components in-place stage efficiencies of exhaust trains required by
WAC 173-480-060 are: Mist Eliminator - 99%, Prefilter - 80%, and HEPA Filtration each stage
99.95 %. This combination results in higher than 99.99% combined removal efficiency, but a
conservative removal efficiency value of 99.99% is used. The efficiencies listed for HEPA filters
are based on the 0.1-0.3 micrometer size, least filterable, particle size range. The efficiency for
this type of HEPA filter is higher for both smaller and larger particle sizes.

The combination of the above listed particulate metal compounds control technologies achieve a
combined removal efficiency of 99.99% (in-place), when assembled according to ASME/ANSI
N-509 Standard and have components that meet ASME AG-I Code: Section FA (mist
eliminators), Section FB (pre-filters), and Section FC (HEPA filters). This combination of air
cleaning control technology components is currently required for primary ventilation of DST
farms. Therefore, no further tBACT evaluations are required for particulate metal compounds.
This set of control technologies are credited by a decontamination factor (DF) of 10,000 for the
above listed particulate metal compounds TAPs, which brings all of these untreated TAP
concentrations to the following treated values.

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed
DST farm Air Cleaning Unit (ACU) consists of particle removal components: demister (mist
agglomerator); prefilter; HEPA filter 1; and HEPA filter 2.
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These elements remove various size aerosols at the currently accepted efficiency of:

* Demister 4 99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range
* Pre-Filter - ~ 30-80% Atmospheric dust depending on type
* 1s HEPA Filter 4 99.97% Hot DOP minimum at 0.3 micron (AMAD size)
* 2 nd HEPA Filter 4 99.97% Hot DOP minimum at 0.3 micron (AMAD size)

The above listed efficiencies are all based on single component efficiencies. The same
efficiencies may not be true when applied to a system containing multiple components.
Components that are installed in a "filter train" may have installation irregularities, in-place
testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns, and
thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95%.
These qualifications and in place tests are not "mass based" with the exception of mist eliminator
which has a required mass basis a minimum of 99% efficiency.

The HEPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP,
Polyolefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and
smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA/CSNI/R 2009). The typical
metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the
minimum efficiency filterable 0.3 micron. (Bowling 1941, Lujaniene 1995, Ogordkinov 2004,
Papastefanos 2009). The removal efficiency for multiple banks HEPA filters while difficult to
determine using the conventional DOP aerosol test method (due to inadequate test aerosol after
the first stage) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron
23 8PuO2 aerosol resulted in a DF of 1.88E12 to 1.7E1 3 and for three HEPA filters in series the
DF was from 2.1E12 to 4.7E13 [(Gonzales, Performance of Multiple HEPA Filters against
Plutonium Aerosols (1974); Linck, In-Place Testing of Multiple Stage HEPA Filter Plenums
(1974)]

In this evaluation, the decontamination credit of 99.99 % by mass (DF of 10E4) for the metal
aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two
HEPA filters in series when built according to the ASME AG-I Code and in place tested
according to ASME/ANSI N-5 10 (i.e. each HEPA stage in place tested individually). This
combined mass removal efficiency can be achieved solely by the combined filtration efficiency
of the above listed air cleaning elements without including the additional removal of the water
droplet scrubbing of these aerosols on the mist eliminator.
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8.0 TBACT RECOMMENDATION
After detailed evaluation of the four TAPs and/or groups of TAPs and the effectiveness and costs
of emission control technologies for each, a S/ton was determined to implement a control
technology as identified in Table 8-1. All of the identified technologies were eliminated because
their cost per ton exceeded the cost ceiling guidelines previously approved by Ecology and EPA
as economically unjustifiable. Although the evaluated technology would remove 98-99% of the
pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the low
emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
HEPA filtration system in the treatment train.

Notes:
'Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons).
bSee Section 2, tBACT Methodology, for a detailed discussion.
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Appendix A

The cost basis used to generate the data for each of the cost estimates for toxic organic
compounds, ammonia, and mercury and mercury related compound were developed using
previous experience and expertise in ammonia BACT evaluations; and reviewing costs from
letter 0401233/DOE-ORP: 04-ED-057 and 24590-WTP-RPT-ENV-01-005, Best Available
Control Technology Analysis for Toxic Air Pollutants for the WTP (2002). Specific quote costs
were given priority over the report estimated costs, which were 2002 and 2004 vintage, although
in several cases where comparisons were made between estimates and quotes; the differences in

cost were minor. In addition, equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials were applied
when necessary. Cost estimates do not include disposal of secondary waste or potential post-
treatment gas treatment.
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Appendix 1-A Thermal Oxidizer Cost Estimates
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BUDGET PROPOSAL 4665
NUCON International, Inc.

DECEMBER 10, 2009

INTRODUCTION

COMPANY INTRODUCTION

Met-Pro Systems is pleased to submit this proposal for your consideration. Met-Pro Corporation, a
NYSE listed company headquartered in Pennsylvania, USA is one of the world's leading suppliers
of air and fluid purification and handling technology, products and solutions. With 10 divisions and
multiple subsidiaries in the USA and Europe, Met-Pro Corporation has the global experience with
over 30,000 installations in over 70 countries to provide unequalled integrated product and
systems solutions.

Met-Pro Corporation was recently recognized, for the second consecutive year, as one of
America's "200 Best Small Companies" by Forbes magazine. Through its business units, in the
United States, Canada, Europe and The People's Republic of China, a wide range of products
and services are offered for industrial, commercial, municipal and residential markets
worldwide. These include product recovery and pollution control technologies for purification of
air and liquids; fluid handling technologies for corrosive, abrasive and high temperature liquids;
and filtration and purification technologies including proprietary water treatment chemicals and
filter products. ..........

Met-Pro Corporation has been recognized for the second consecutive year as one of the world's
"Top Small to Midsize Manufacturers" by Start-I magazine. According to Start-It, the "SMB
1200," is "a complete list of the top small and medium-sized manufacturers in the world". All of
the companies that appear on the SMB 1200 have annual revenues between $40 million and just
under $1 billion, and many, according to Start-It, "have shown intense resilience even as
industry continues to face significant market pressures."

2
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EQUIPMENT DESCRIPTION

The thermal oxidizer is used to convert hydrocarbons to carbon dioxide and water. This

occurs by heating the hydrocarbons in an oxygen rich atmosphere to a temperature that

will allow the oxidation reaction to occur at a rapid rate. The thermal oxidizer operates at

22000 F. The reactants are held at this temperature level for approximately 2 seconds.

This will provide a minimum destruction efficiency of 99.99% of the organic contaminants.

The thermal oxidizer shall be of a cylindrical configuration and mounted horizontally or

vertically, depending on required pollution control equipment downstream. Support legs

shall be fastened to a foundation with embedded anchor bolts and grouted in place (by
others). The casing shall be constructed of carbon steel plate and standard structural

shapes. The exterior shall be painted with a single coat of high temperature silicone-based

paint and the interior shall be refractory lined.

Air for combustion shall be drawn from ambient air and blended with the process air to

achieve a level of oxygen required for flame stability (oxygen in the process is low because

of the high water vapor content).

During "Heat-up", "Idle", and "Cool-Down" periods, no waste shall enter the unit. Fresh

ambient air shall be forced through the system using the fan. Dampers on the inlet of the

fan shall isolate the unit from the process and provide an inlet for the ambient air. Heat-up

ramp rate is 50*F to 1 00*F per minute. Cold start to operation time is less than 30 minutes.

Overall Length: 23'

Casing Diameter: 7' - 4"

Estimated Equipment Weight: 15,000 lbs

Combustion/Dilution Air Connection: 14"

Natural Gas Connection: 3"

Ancillary equipment for the thermal oxidizer shall include:

. One (1) Nozzle Mix Burner

* One (1) NEMA 12 Control Enclosure with Sub-Panel

* One (1) Allen Bradley SLC5/05 PLC Controller

* One (1) lot of Field Instrumentation for Met-Pro supplied equipment.

4
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* Interconnecting carbon steel Ductwork with Expansion Joints between Met-Pro
Supplied Equipment.

* One (1) Gas Train Assembly with Temperature Control Valve for natural gas

* Class I, Division 11 Outdoor Electrical Classification

* One (1) Combustion/Dilution Air Blower with Starter

* Two (2) Control Dampers for Combustion and Dilution air

* Two (2) Pneumatic Dampers for Process and Fresh Air Isolation

UTILITIES

Combustion Air Blower:

Natural Gas Supply:

Compressed Air Supply:

Electrical Power:

Control Power:

10 hp

270 SCFM @ 10 PSIG

275 lb/hr @ 80 PSIG

460 volt / 3 Phase / 60 Hz

120 volt / 1 Phase / 60 Hz

PERFORMANCE

Destruction and Removal Efficiency of Organic Compounds: 99.99%

SCOPE OF WORK

Supply by Met-Pro

Equipment arrangement and design
Equipment Supply and Fabrication (see " Equipment Description" above)
Programming of Local control system and HMI
Operating and Maintenance Manuals
Installation Instructions

5
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Supply by Others

The following items are to be supplied by others and are not included in Met-Pro

Systems scope of supply:

* Demolition of existing equipment or facilities
* Any modifications to existing equipment
" Building, structural, foundations, anchor bolts, grouting, embedded materials, or

any other Civil Design, Materials, and Installation
" Cranes and other tools required for demolition or installation.
" Installation labor and materials
" Design and supply of any equipment upstream of the Thermal Oxidizer.

" Any freeze or personnel protection equipment or materials including insulation
and cladding.

. Design and supply of utilities.
" Design, programming, and hardware for integration with plant control system and

data acquisition.
* All Interconnecting wiring, conduit, termination, and supports
* All Interconnecting piping, tubing, and supports.
* Interconnecting ductwork and supports for supply to Met-Pro Equipment.

* Transportation and receiving of materials to site
" Installation supervision or commissioning services

Our service department can provide installation supervision and commission services if

desired at our standard rates.
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The pricing given is for the supply of equipment only.
materials, and supervision shall be by others.

Installation design, labor,

Met-Pro Supply as described above is:............................................$340,000

Field Supervision, Commissioning, and Training

Field Supervision, Commissioning, and Training Services are not included in the Met-
Pro Supply price given above. These services are offered at the following rates:

Field Service Personnel............ ..................... $ 1,500/Day/Person

Travel and Living Expenses....................................................$ Cost + 10%

Validity

Pricing is valid for 30 days, excluding escalation, from the date given on the cover page
of this document.

Escalation

Due to current market volatility in steel, nickel, chrome, copper, precious, and other metals, pricing
provided may be subject to escalation at time of Met-Pro issuance of purchase orders to its
suppliers.

Page 45
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ENGINEERING AND FABRICATION SCHEDULE

Based upon current equipment and material availability,
applying to this project:

MILESTONE
Receipt of purchase order
Drawings for approval
Approval of drawings
Fabrication
Delivery

TIME
0
6 weeks
2 weeks
16 weeks
1 weeks

we anticipate the following schedule

ELAPSED TIME
0
6 weeks
8 weeks
24 weeks
25 weeks

This schedule is predicated on customer approval within the time frame noted. Delays in approval
will extend the completion date by at least the time equal to the delay. Lengthy delays may result
in rescheduling of manufacturing, which could result in a greater offset of shipping dates and
increased prices as a result of raw material increases. Shipment timing may change depending
upon shop load at the time of order.

COMMERCIAL TERMS

. All Pricing is in US Dollars.

* All credit subject to approval.

* Payment Terms
25% of order upon award
25% of order upon complete submittal of the approval drawings
25% of order with drawing approval/release to manufacturing
25% of order with shipment

Met-Pro Systems Terms and Conditions are attached hereto and form an integral part of this
proposal.
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MET-PRO TERMS AND CONDITIONS OF SALE

The following terms and conditions form part of each proposal submitted by Met-Pro Corporation, its divisions or subsidiaries, hereinafter called

"Seller," for the sale of equipment, machinery, materials, consumables or services (collectively the "Contract Goods") to a Client/Customer,
hereafter called "Buyer", and any contract made by and between the parties includes as part thereof these terms and conditions. Any
provisions or conditions of Buyer's order which are in any way inconsistent with, or in addition to Seller's terms and conditions shall not be

binding on Seller, and shall not be applicable, except with Seller's written acceptance. No changes in, modifications of, or additions to the
terms and conditions of this form shall be binding on Seller unless in writing and signed by a representative of Seller duly authorized for that

purpose. Any contract resulting from this proposal shall be construed and enforced in accordance with the laws of the Commonwealth of
Pennsylvania without giving effect to the choice or conflict of law provisions or rules thereof. The parties agree that any action arising out of or

relating to this sale, shall be brought only in the Court of Common Pleas of Montgomery County, Pennsylvania, or the United States District
Court for the Eastern Division of Pennsylvania, and hereby consent to venue in such courts.

MATERIAL WARRANTY

Warranty - Seller warrants to Buyer that the Contract Goods manufactured by it is free from defects in material and workmanship under normal

use and service for a period of eighteen (18) months after shipment or twelve (12) months after initial operation, whichever occurs first, or for
such period of time as is specifically provided for on the face of the written quotation or order form, and for no additional period of time unless
Seller expressly agrees in writing to a longer warranty. All auxiliary equipment not manufactured by Seller carries such warranty as given by
the manufacturer thereof and which is hereby assigned to Buyer without recourse to Seller. Seller's warranty for consumables shall be pro-
rated over the applicable aforementioned period.

No warranty is offered as to refractories or protective coatings, other than the material composition is in compliance with specifications

Terms - Upon discovery of defects in materials or workmanship during such eighteen (18) months after shipment or twelve (12) months after
initial operation as described above, Seller shall either repair or replace the equipment, on the condition that the conditions set forth
immediately below are met. Even if Seller repairs or replaces the equipment, its original warranty term is not extended. Setler's obligation
under this warranty is, at Seller's sole option, to a one-time repair or replacement of any part which is shown to Seller's reasonable satisfaction
to have been defective as to material, workmanship or design, provided that:

1. written notice of such defect is given to Seller within ten (10) calendar days of discovery thereof;
2. the equipment has been installed and operated in accordance with the purpose for which it was purchased and the installation, operating,

and maintenance Instructions provided by Seller;
3. no alterations or substitutions have been made in the equipment;
4. Seller may require the return of the defective material to establish any claim or make repairs but in no event shall the material be returned

without Seller's consent. All returned equipment or parts must be free from any hazardous materials;
5. No payment or allowances will be made for repairs or alterations in the equipment unless Seller's prior written approval has been

obtained, All removal, shipping, and reinstallation costs shall be to Buyer's account; and
6. Seler shall not be required to honor any warranty obligation until such time as it shall have been paid in full by Buyer.

PATENT WARRANTY
Seller shall defend at its expense any suit or proceeding brought against Buyer based on any claim that the equipment manufactured by Seller,
except for equipment/material manufactured and/or designed to Buyer's specifications, infringes any United States patent issued as of the date
of the proposal or contract provided Buyer gives to Seller Immediate notice in writing of the institution of the suit or proceedings and permits
Seller, through its Counsel, to defend the same and gives Seller all needed information, assistance and authority to enable Seller to do so,
On any equipment or component manufactured by others, Seller shall pass through any patent indemnity offered by said manufacturer. Seller's
liability shall be limited to rendering reasonable assistance to Buyer to enforce said indemnity, which term shall not be deemed to include the
payment of any fees or expenses of Buyer's legal counsel or to require Seller to institute suit or to participate in any such litigation,

IMPLIED WARRANTIES AND DISCLAIMER
THE WARRANTIES FURNISHED BY SELLER AS EXPRESSLY INCLUDED HEREIN CONSTITUTE SELLER'S SOLE OBLIGATION
HEREUNDER AND ARE IN LIEU OF ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING WITHOUT LIMITATION
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WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, EVEN IN THE EVENT OF A FUNDAMENTAL
BREACH BY SELLER, THERE ARE NO WARRANTIES, WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE HEREOF.

DISCLAIMER OF WARRANTIES
SELLER SHALL NOT BE LIABLE TO BUYER OR BUYER'S CUSTOMER FOR INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED
DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE, LOSS OF USE OF CONTRACT GOODS, COSTS OF

REPLACEMENT POWER OR CONTRACT GOODS, ADDITIONAL EXPENSES INCURRED IN THE USE OF CONTRACT GOODS OR

FACILITIES, OR THE CLAIMS OF THIRD PARTIES, EVEN IF SELLER HAS BEEN ADVISED OF POSSIBILITY OF SUCH DAMAGES. THIS

DISCLAIMER SHALL APPLY TO INCIDENTAL. CONSEQUENTIAL OR LIQUIDATED DAMAGES BASED UPON ANY CAUSE OF ACTION
WHATSOEVER ASSERTED AGAINST SELLER, INCLUDING ONE ARISING OUT OF PRINCIPLES OF CONTRACT, ANY BREACH OF
WARRANTY. EXPRESSED OR IMPLIED, GUARANTEE, EQUIPMENT OR OTHER CONTRACT GOODS LIABILITY, NEGLIGENCE, TORT,
OR ANY OTHER CAUSE PERTAINING TO PERFORMANCE OR NON-PERFORMANCE TO THE PROPOSAL OR CONTRACT BY SELLER

BUYER SHALL HOLD SELLER HARMLESS FROM ANY SUCH CLAIMS BY BUYER'S CUSTOMER.

INSPECTION

if upon receipt of the Contract Goods by Buyer, the same shall not conform to Buyer's order, Buyer shall notify Seller in writing within ten (10)
days from receipt of the Contract Goods and before any part of the Contract Goods has been changed from its original condition. Such
notification shall provide detailed information as to the nonconformity or shortage and Buyer shall hold the Contract Goods for Seller's

disposition and afford Seller a reasonable opportunity to inspect the Contract Goods. Seller may, at its option, replace without charge, refund

the purchase price, or make a fair allowance for defects or shortages demonstrated to Seller's satisfaction to have existed at the time of

delivery. Seller may require the return of the Contract Goods to establish any claim Out in no event shall Contract Goods be returned without
Sellers consent.

LIMITATION OF LIABILITY OF SELLER
In addition to the other limitations on Seller's liability provided for herein, in no event will Seller's liability to Buyer for any and all claims,
including property damage or personal injury claims, allegedly resulting from breach of contract, warranty, strict liability, tort, or any other theory
of liability involving this proposal or contract exceed the amount of the purchase price paid to Seller.

PRICE
1. Prices are F.O.B. point of shipment.
2. Oral and written quotations are subject to acceptance within thirty (30) days from date
3. Prices on equipment of Sellers manufacture are firm, provided it is shipped within the quoted and agreed upon shipment schedule. If

Buyer causes shipment to be delayed Seller reserves the right to invoice at Seller's price effective at time of shipment.
4, Any excise, sales, use taxes or other taxes imposed by Federal, State, or municipal authority and incurred by Seller applicable to the

material sold, shall be to Buyer's account and are in addition to the prices quoted, unless Buyer provides Seller with a proper tax-

exemption certificate Buyer hereby agrees to indemnify, defend and hold harmless Seller from any taxes, fines, penalties and costs,
including attorneys fees, incurred or paid by Seller arising out of any such claim of exemption. This defense and indemnity requirement
shall survive this contract and any releases resulting from same.

TERMS
Terms of payment are in accordance with the proposed payment terms and are payable 30 days net from the date of invoice.
For late payment, Buyer is subject to a late charge of eighteen percent (18%) of the unpaid fees per annum (1.5% per month) or the maximum

allowed by law, whichever is less,
If Seller does not receive payment in full for the Contract Goods and any monies otherwise due by the due date then Seller may, at its option at

any time while the whole or any part of the monies due remain outstanding, take possession of the Contract Goods, or any part, delay or
stop future deliveries, and terminate this agreement, in which case Seller is entitled to recover any loss, including loss of profit, which loss
will carry interest under paragraph 2 of this Section.

Pro rata retainage fees or backcharges will not be accepted by Seller.
Buyer will be responsible for all expenses incurred from any collection proceedings.

DELIVERY
Delivery dates are estimated by Seller on the basis of the best available information and cannot be guaranteed.
Where Contract Goods are delivered in multiple deliveries, Seller may deem each delivery to be a separate contract, and no default or failure

by Seller in respect of any one or more installments shall vitiate any contracts with respect to Contract Goods previously delivered or
undelivered.

U- b Page 48



1wa.n1t river RPP-ENV-48231, Rev.0, Appendix D
protectionso/&tns RPP-ENV-46679 Rev. 1

BUDGET PROPOSAL 4665

SYS TEMS NUCON International, Inc.

Thermal Oxidation DECEMBER 10, 2009

A -Pfo lxhud t C'uveiyPoIution C t.rol T.oh'ogties c inpany

Force Majeure - Seller shall not be liable for any loss or damage arising out of delay in shipment or delivery, or failure to manufacture, or
failure of equipment to operate, due to causes beyond its reasonable control, such as but not limited to, Acts of God, Acts of Buyer, Acts of
Civil or Military Authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot, delays in transportation, car
shortages, and Seller's inability to obtain necessary labor, materials, or manufacturing facilities. In the event of any such delay, the date of
delivery shall be extended for a period equal to the time lost by reason of the delay and Seller shall be entitled to an equitable adjustment
in the sales price for Increased costs incurred.

All risk of loss or damage to Contract Goods furnished hereunder shall pass to Buyer, F OB. point of shipment.
Seller reserves the right to ship all or any part of the Contract Goods from any shipping point of any of its sources of supply other than the

shipping point specified herein. Shipment will be made by the method or carrier deemed most feasible by Seller unless otherwise
requested in writing by Buyer.

GRANT OF SECURITY INTEREST
As security for the payment in full for the Contract Goods, as a condition of the passage of title to Buyer for the Contract Goods as provided for
hereunder, Buyer grants to Seller a first priority security interest in the Contract Goods, wherever located, together with all Accounts, Products
and Proceeds of any and all of the Contract Goods (as such terms are defined by the Uniform Commercial Code as from time to time in effect
in any applicable jurisdiction). Upon default in payment by Buyer, Seller may exercise all rights of a Secured Party as provided for by the
Uniform Commercial Code.

CANCELLATION
Cancellation of order by Buyer, or any part thereof, will not be effective unless accepted by Seller in writing. Accepted cancellation will be
subject to a charge to cover all costs incurred to the date of acceptance, plus reasonable cancellation costs, plus profit on the completed work,

SUSPENSION
In the event Buyer suspends the execution of work, Buyer shall reimburse Seller for all costs incurred by Seller as a result of such suspension,
including, without limitation, all borrowing and opportunity costs. In the event the suspension exceeds 180 days in duration, in addition to being
entitled to full reimbursement of costs as aforesaid, Seller shall have the unqualified right to cancel the unfinished portion of the contract without
liability to Buyer of any kind.

GENERAL CONDITIONS
1. Non-stock Contract Goods made specifically to order are not subject to return for credit. Any portion of non-stock Contract Goods in

process of manufacture is not subject to cancellation. Any charges after manufacture has started could necessitate additional charges for
work done and material consumed.

2. Quotations are merely negotiations to trade and not offers to contract.
3. Seller reserves the right to correct any factory, engineering, clerical and/or stenographic errors or omissions.
4, Changes in design are made at Seller's discretion. Seller has no obligation to incorporate these changes in units manufactured prior to

the change.
5. R is expressly understood that any and all drawings, instructions, and/or technical and engineering services, which Seller may furnish with

reference to the installation or use of its Contract Goods, are furnished solely for the review and approval of Buyer and its engineers.
Seller makes no representation or warranty with respect to the accuracy or sufficiency of any such information and assumes no obligation
or liability for results obtained.

6. Waiver by Seller of a breach of any of these Terms and Conditions shall not be construed as a waiver of any other breach.
7. To combat corrosion, abrasion, or erosion, or operation at elevated temperatures, any such recommendations will be based on the best

available expenence of Seller and the supplier of the material, BUT WILL NOT CONSTITUTE A GUARANTEE AGAINST THESE
EFFECTS.

11
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24590-WTP-RPT-ENV-01-00S, Rev. 0
Best Available Control Technology Analysis fot

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S120 lILW Melter Offgas Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

Equipment Specific
see cost factors below equipment size
$1,388/sf 66 sf

Equipment Specific

Total Direct Cost

ladirect Costs (installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total indirect Costs

Total Capital Costs (TCC)

Source: Maditied from EPA Handbook Connr Technologies frihmadow Air Pollutants (June 1991).

Page 1-88
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Cost Item Basis Example Cos

$382,316.00
$000

$57,347.40
U9.11,0

$458,77920

$36,702.34
$64,229.09
518,351L17
$18,351.17
$18,351.17
S91_ 75.

$165,160.51

$20,000.00

$91.60800

$91,608.00

S735,547.71

$45,877.92
$22,938.96
$45,877,92
$4,587.79

$68,816.88

$188,099.47

$923,647.18
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24590-WrP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S120 HLW Melter Offgas Unabated

Source; Modified from EPA Handbook Contmr Technidogiesfor Hazardous Air Pollutants (June 1991).

Page B-89

D-62

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 lb $0.00
Water S0,25/1000 gal, $0,00
Materials/Chemicals $52,01300

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $100,000.00

Maintenance
Labor $17/Hr 24 hr/2 yr $204,00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $18,472,94

Insurance 1% of TCC $9,236,47

Total Annual Costs (TAC) $187,166.42

Rate of Return on Capital Investment 10.00/0
Service Life (years) 40

Capital Recovery Factor 0.1023

Annualized Capital Investment (ACI) $94,451.62

Grand Total Annualized Costs ACI + TAC $281,618.04

Page 52
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S74/SI LPP LAW Melter Feed Evaporator

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

Total Direct Cost

Iodirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Source' Modified from EPA Handbook Control Technologiesfor 1iazardous Air Pollutants (June 199 1).

Page 8-226
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Cost Item Basis Example Cost

$427,609.00
$0,00

$64,141.35
$21,380,45

$513,130.80

$41,050,46
$71,838.31
$20,525.23
$20,525.23
$20,525.23
1026262

$184,727.09

$20,000.00

S122.4400
equipment size
88 sf

$122,144.00

$840,001.89

$51,31308
$25,656.54
$51,313,08
$5,131.31

$76,969.62

$210,383,63

$1,050,385.52
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24590-WTP-RPT-ENV-01-00S, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total Indirect Costs

Total Capital Costs (TCC)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors bel]w equipment size
$1,388/sf 66 sf

Equipment Specific

10% of PEC
5% of PEC
10% of PEC

1% of PEC
15% of PEC

Source: Modified from EPA Handbook Control TechnologiesforI aardous ,ir Pollutants (June 1991).

Page B-170
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Stream S41Z

Cost Item Basis Example Cos

$393,515.00
$0.00

$59,027.25
$19.675.75

$472,218.00

$37,777.44
$66,110.52
$18,888.72
$18,888.72
$18,888.72
$9444,36

$169,998.48

$20,000.00

$91.608.00

$91,608.00

$753,824.48

$47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,832.70

$193,609.38

$947,433.86
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation
Stream S74/1 LPP LAW Melter Feed Evaporator

Source: Modifed from EPA Handbook Conrol Technologiesfor Hazardous Air Pollutants (June i991).

Page B-227

Page 55
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FCo0t Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr S5,000.00
Steam $6.00/1000 lb $0.00
Water $0.25/1000 gal. S0.00
Materials/Chemicals S74,019.00

Operating Expenses
Operator $20/Hr 52 hr $1.040.00
Supervisor 15% of Operator $156,00
Secondary Waste T&D Process Specific S100,000.00

Maintenance
Labor . $17/Hr 24 hr'2 yr $204.00
Materials 100% of Maintenance Labor $204.00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $21,007.71
Insurance l%ofTCC $10,503.86

Total Annual Costs (TAC) $212,974.57

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $107,411.81

Grand Total Annualized Costs ACI + TAC $320,386.37



rtver

Sprotect on -

RPP-ENV-48231, Rev.0, Appendix D

RPP-ENV-46679 Rev. 1

24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalvtic Oxidation
Stream S41Z PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Costs (Installation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total Indirect Costs

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors bePbw
$1,388/sf

equipment size
66 sf

$393,515.00
$0.00

$59,027.25
$19,675.75

$472,21800

$37,777.44
$66,110.52
S18,888.72
$18,888.72
$18,888.72
$9,444.36

$169,998.48

$20,000.00

$91.608.00

$91,60800

$753,824.48

Equipment Specific

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

S47,221.80
$23,610.90
$47,221.80

$4,722.18
$70,832.70

$193,609.38

$947,433.86Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologies for HarardousAir Pollutanht (jine 1991).
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
PT Vessel Vents Unabated

Source: Modified from EPA Handbook Control Technologies for Harardous Air Pollutants (June 1991).

Page B-171

Page 57
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Stream S41Z

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/kWhr 55,000,00
Steam $6.00/1000 lb $0 00
Water $025/1000 gal. $0.00
Materials/Chemicals $52,013.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $0.00

Maintenance
Labor $1 7/Hr 24 hr?2 yr $204.00
Materials 100% of Maintenance Labor S204 00

Indirect Annual Costs

Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC 518,948.68
Insurance 1% of TCC $9,474.34

Total Annual Costs (TAC) $87,880.02

Rate of Return on Capital Investment 10.00/
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $96,884.03

Grand Total Annualized Costs ACI + TAC $184,764.05
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TCVT12 70% HR AN or AW TCl-TI2 DST TO-Alf TAPs
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27,002 0 5
3 2 3
10,516 i 0,021f
33,382' 007b 0 178

206053 0 413 0.537

498804 1,000 1.000

ndex (for thei-mal

and eontrM equ mon

ta T
1 92

0952 095 190
524651 5225 S62 1

Annual TAP
Total Reduced,

Annual Cost tons
1 498,604 1.90

498,604 1.90
505.873 _ 90
519,174 1.90
564,797 1.90

Page 2 of 3
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NUCON International, Inc
7000 Huntley Road
Columbus, OH 43229

Phone: 614-846-5710
Fx: 614-431-0858

www.nucon-intcom

QUOTATION/PROPOSAL

Proposal No.:
Attachments:

Name:

12328
Vessel Description

Adsorbent data sheet

Phone:

Date:

Exp. Date:

Fax:

12 Apr 10
12June 10

Email:

Company: Columbia Nuclear International LLC
Address:

Unit Price Total PriceRef Description
Adsorber vessel per attached description with 11,000 lbs
of NUCON MERSORB 3 Mercury Adsorbent

Qty.

Please Contact I Joe Enneking Phone Ext.: 111 EmaIlj oe.enneking nucon-int.com

Form: FP-24 (2004-11-10)

Page 63

D-73

El
0
~

Terms: Net 30 days
Shipment 20 weeks after drawing approval
FOB: Columbus, OH

Total $247,000

lot $247,000 $247,000
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Date: 24-Feb-10

NUCON International, Inc.
7000 Huntley Road, Columbus OH 43229

Phone: 614-846-5710 FAX: 614-431-0858 Internet: www.nucon-int.com
Preliminary Design for a Vertical Adsorber with ASME Flanged & Dished Heads

Client: Hanford Hg Adsorber

Fluid Properties:
Fluid flow rate. lb.hr
Fluid pressure, psia (Ref only)
Fluid temp., *F (Ref, only)
Average mol wt.(Ref, only)
Viscosity, Centipoise
Fluid actual density, lb/cu ft
Compressibility factor (Ref, only)
Dew Point, *F (Ref only)

Vessel Design:
Material (CS or SS)
Diameter, ft
Design Temp, 'F
Design Pressure, psig
Corrosion allowance, in.
Joint efficiency

Activated Carbon:
Pellet diameter, mm.
Carbon weight, lb
Carbon bulk density, Ib/cu ft

Calculations:
Inlet & outlet nozzles, in,
Carbon volume, cu ft
Carbon depth, ft
Carbon depth, in.
Design stress, psi
Shell thickness, in
Head thickness, in
Cylinder length, inches
Over all vessel height, ft
Total steel weight, lb
Flow area, sq ft
Superficial velocity, ft/min
Superficial velocity, ft/sec
Total Flowacfm
Mass velocity, lb/hr/sq ft
Empty Bed Contact Time, sec
Delta P, "WG/ft
Total Bed Delta P, "WG
Total Bed Delta P, psi

9150
14,7
167

28.966
0.0209

0.050754

50

ss
10,0
200

15

1

3
11000

35

14
314
4,0
48

16700
3/16
3/16

90
10,9

3969
79

38,26
0,64
3005

117
6

066
2,63
0 10

D-74

E73EZ7HT

----- ---- - --

aF

5/, s

4
~1~ -1

/j55 3istrCss iSrr Ti) se L

All Dimensions in Inches
CB = 48
DR= 120
HT= 3/16
ICR= 7,3
ID= 120
OAH 131
SF = 1 1/2
SS = 90
ST = 3;16

Beta Version 1.07

Page 64
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PROJ ECT RESPONSI ILI Y Proposal 1,;28

The following project responsibiliLy matrix is the basis for tits proposal. Any
changes in scope may result in price adjustments.

RESPONSIBILITY

ACTIVITY NUCON CLIENT

5.1 ENGINEERING AND DESIGN

0. 1.1 Verification of design data - operational [low rates, X
adsorbate compositions, cI(.

5.1.2 Filuipmiient specifications X

5.1.3 Electrical engineering N/A

5. 1. Fire protection & safety etIgineering X

5 Process engitnering N

5.1.6 Mechanical engineering X

5,1.7 Insulation specifications X

5.1.8 Software validation (when required) N/A

5.1.9 Process review of vendor drawings X

5.1.10 Dimensional review of vendor drawings X

5,1.11 Safety review (pre-shipment) X

5.1.12 Control system engineering N/A _

5.1.13 Heat and material bahance flow sheet N/A

5.,1.14 Design criteria X

5. 1. 15 Instrument loop diagrams N/A

5.1.16 Piping and instrumentation diagram X

5.1.17 Construction drawings (civil and foundation) N

5.1.18 Demolition drawings (civil and foundation) X

.5.1.19 Drawing revisions and npdates X

5. 1.20 Systen layout drawings X

5.1.21 Equipment arrangements drawings X

D-75 
Page 65
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RESPONSIBILITY

ACTIVITY NUCON CLIENT

5.1.22 Process flow dliagramts X

5. 1.23 P-Iliig scheduItle (fine list) X

5.1.24 bistrumentt specciications N/A

o.2 PROCURZEMENT

5,2.1 Process equipmilent procUrement X

5.2.2 Process Safety equiplm ient )rotUVculrlemt NA

5.2. 11 inspection X

5.2A Re(ceivingstoriinwarehlosing X

5.2.5 'xpedting X

526 Fire protectioni equimipmnct procuremoet X

5.2.7 1andling and distribution of vendor drawings X

5.2.8 Spare parts X

5.2.9 Quality Assurance X

.3 FIELD CONSTRUCTION

5.3. 1 Site sudies and 1reparatiOn _ X

5.3.2 Demolition X

5.3.3 Construction specilications X

5.3.A Construction contracts X

5.3.5 Equipment/materials protection X

5..3.6 Insulation shop installed at NUCON X

3.3.7 Insulation field installed on-site X

5.3.8 Ficld coinstructiou management and supcervision X

5.3.9 Field inspection X

5.3.10 On-sitc space an( services [or NUCON persomnel X

D-76 Page 66
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RESPONSIBILITY

ACTIVITY NICON CLIENT

5.4 I 1 ILITIES

5.4.1 Electrical pXowcr X

5..2 MCC X

A.3 Steam ( Not applicale this Proposal)

5 I Cooling water X

5..5 Chilled water X

5A.6 Phut coml)rcssC(l air X

5.4.7 Jnstriment air X

5A.8 Nitrogen X

0.4.9 Process Control Computer N/A

5.5 PRQJECT CONTROL & MON I'lORING

5.5.1 ProJect management X

5.5.2 Sche(lIing X

5.5.3 Progess/slatus reporting X

5.6 OPERATIONS

5.6. I Comissioning Technical Assistatice X

5.6.2 Starl-up Te hnical Assistance X

5.6.3 Pre-operatioial safety clieck X

Page 67D-77
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NUCON International, Inc.
P.O. BOX 29151 7000 HUNTLEY ROAD

COLUMBUS, OHIO 43229 U.S.A.

0

TYPICAL APPLICAT

RAW \IATERIAL:
ACTIVATION MET hOD:
PARTICLE TYPE:
IMPREGNANT:

PHYSICAL PROPERTIES:

TELEPHONE: (614) 846-5710
FAX: (614) 431-0858

WEB SITE: www.nucon-int.com

Technical Data Sheet:
MERSORB*-3 (2005103)

NUSORB MERSORB*-3

IONS: Mercury control

Coal
High Temperature Steam
Pellet
Sulur

APPARENT DENSITY
HARDNESS
ASH
MOIST IRE CONTENT, as packaged
PARTICLE SIZE,
CARBON TETRACHILORIDE ACTIVITY
SULFUR CONTENT

(ASTM D2854)
ASTNM D3802)
(ASTM D2866)
(ASTM D2867)

(ASTM D3467)

0.55 g/ml ITypical
98 % Typical
10 wt %Typical
5 % Maximum
3 mm Diameter
60 % Minimum
13 % Typical

Additional ASTM or custom testing available on request

PACKAGING: Square fiber drums (150 pounds) or "tote bags"(1,000 pounds)

Information herein is accurate to the best of our knowledge. User should determine the
suitability of the product for the intended use: liability consists of replacing product.
NUCON INTERNATIONAL, INC., does not suggest violation of any existing patents or
give permission to practice any patented invention without a license.

For additional iflrmation contact:

NUCON International, Inc,

7000 Huntley Road, Columbus, OH 43229, USA

Telephone: 614-846-5710 FAX: 614-431-0858 www.nucon-int.com

D-78 Page 68



Pressure Drop Curve for All NUSORBO Grades of
1.5 mm, 3mm and 4 mm Diameter Pelleted Carbons
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber
Stream S120 HLW Melter Offgas Unabated

Cost Item Basis Example Cost

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment ($10/cfm)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

CS Location per square foot

Subtotal - Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC

4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

equipment size
52 sf

Equipment Specific

$1,977,962.00
$23,000.00

$296,694.30
98 898,10

$2,396,554.40

$191,724.35
$335,517.62

$95,862.18
$95,862.18
$95,862.18
$47,93 I.9

$862,759.58

$20,000.00

$72,176.00

$72,176.00

$3,351,489.98Total Direct Cost

Indirect Costs (Instalation)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

S239,655.44
$119,827.72
$239,655,44

$23,965.54
$359,483.16

$982,587.30

$4,334,077.29

Total ladirect Costs

Total Capital Costs (TCC)

Source: Modified from EPA Handbook Control Technologies for llazardous fir Pollutants (June 1991).

Page B-58
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TRACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S120 HLW Melter Offgas Unabated

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electncity $0.08/kWhr $0.00

Steam $6.00/1000 lb $0 00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00

Supervisor 15% of Operator $156.00
Secondary Waste T&D 184 ct/yr x S 129,24/cf $23,780 16

Maintenance
Labor S17/Hr 72 hr/2 vr $612,00
Materials 5,520 lbs/yr $5,520.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80

Administrative 2%ofTCC $86,681.55

Insurance 1% of TCC $43,340.77

Total Annual Costs (TAC) $162,21528

Rate of Return on Capital Investment 10,00%
Service Life (years) 40

Capital Recovery Factor 0,1023
Annualized Capital Investment (ACI) $443,200.21

Grand Total Annualized Costs ACI + TAC $605,415.48

SourC Modified from EPA Handbook Control Technologiesfor Nikardous Air Pollutant (June 199 1).

Page 8-59

Page 71
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
LPP LAW Melter Feed Evaporator

Source: Modified from E PA Handbook Control TechNwlogies for Hazardous Air Pollutants (Omne 1991),

Page B-197

Page 72
D-82

Stream S74/S1

Cost tem FctorExample Cost

Direct Annual Casts
Utilities

Electricity SO.08/kWhr $0,00
Steam $6.00/1000 lb $000
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0 00

Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 296 cf/yr x $129,24/cf $38,255.04

Maintenance
Labor $17/Hr 72 hr;2 yr $612.00
Materials 5,520 lbs/yr $10,000.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80
Administrative 2%ofTCC $115,524.16
Insurance 1% of TCC $57,762.08

Total Annual Costs (TAC) $224,434.08

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $590,671.66

Grand Total Annualized Costs ACI + TAC $815,105.74
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
PT Vessel Vents Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment ($10/cfm)
Instrumentation and Control
Freight

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal - Building (per highest applicable cost area)

Total Direct Cost

Indirect Costs (Installaiion)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

Total Indirect Costs

Total Capital Costs (TCC)

$2.128.949.00
S26,000.00

15% of Equipment $319,342.35
5% of Equipment $106,44745

$2,580,738.80

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1,388/sf

Equipment Specific

10% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

equipment size
52 sf

$206,459 10
$361,303.43
$103,229,55
$103,22955
$103,229.55
$51,614.78

$929,065.97

$20,000,00

72 176.00

$72,176.00

$3,601,980,77

$258,073.88
$129,036.94
$258,073.88

$25,807.39
$387,110.82

$1,058,102.91

$4,660,083.68

Source: Modified from EPA Handbook Confot Technologits for Hazardous Air Polluiants (June 1991)

Page B-140

Page 73
D-83
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Cost Item Basis Example Cost
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber
Stream S41Z PT Vessel Vents Unabated

Source: Modified from EPA Handbook Control Technologiesfor HazardousAir Pollutants (June 1991).

Page 74
D - 84

Cost Item Factor Example Cost

Direct Annual Costs
Utilities

Electricity $0.08/klhr $0.00

Steam $6.00/1000 lb $0.00

Water $0.25/ 1000 gal. $0.00

Materials/Chemicals Process Specific SO.00

Operating Expenses
Operator $20/Hr 52 hr $1,040,00

Supervisor 15% of Operator $156.00

Secondary Waste T&D 208 cf/yr x $129.24/cf $26,881.92

Maintenance
Labor $17/Hr 72 hr/2 yr $612.00

Materials 6240 lbs/yr $6,240.00

Indirect Annual Costs

Overhead 6% of Labor Costs $1,084.80

Administrative 2% of TCC $93,201.67

Insurance 1% of TCC S46,600.84

Total Annual Costs (TAC) $175,81723

Rate of Return on Capital Investment 10,00%

Service Life (years) 40

Capital Recovery Factor 0.1023 $476,537.43
Annualized Capital Investment (ACI)

Grand Total Annualized Costs ACI + TAC $652,354.66
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Wet Caustic Scrubber Cost Estimate
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24590-WTP-RPIT-ENV-01-005, Rev, 0
Best Available Controt Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. THACT Control Technology Cost Estimate

Wet Caustic Scrubber
P1 VAW Evaporator Offgas Unabated

Direct Costs
Purchased Equipment Costs

Equipment
Required Ancillary Equipment
Iisti umentation and Control
Freigltn

Subtotal Purchased Equipment Costs (PEC)

Direct Installation Costs
Foundations & Supports
Handling & Erection
Electrical
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal Installation Costs (IC)

Site Preparation
Building Costs

C5 Location per square foot

Subtotal -Building (per highest applicable cost area)

15% of Equipment
5% of Equipment

8% of Subtotal PEC
14% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1.388/sf

Equipment Specific

Total Direct Cost

indirect Costs (Ieslaiatten)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

I W% of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

Total Indirect Costs

Total Capital Costs (TCC)

Source Mtditied from FPA liandbook Cowaw fIogiexor fe,-io.'d$ 4ir Folhlants (June 1991)

Page B-284

D-BB Page 78

Stream S9v/SI 7

Cos Itemas Example Cost

S552,000.00
S0.00

$82,800,00
$27.61W2Q

$662,400.00

$52,992.00
S92,736.00
$26,496.00
$26,496.00
S26,496.00

S238,464.00

$20,000.00

$24,984,00
equipment size
IS sf

$24,984,00

S945,848.00

$66,240,00
$33,120.00
S66,240,00

$6,624.00
$99,360.00

$271,584.00

$1,217,432.00

D -8 8 Page 78
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24590-WTP-RPT-ENV-01-005, Rev. 0
Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Wet Caustic Scrubber
Stream S9vIS17 PT LAW Evaporator Offgas Unabated

Source: Modified from EPA Hadibook (onfrl Tech'no giaxfor Haardema Air Pollu Wns ()uo 1991 ).

Paae 5-285

D-89

Cost Item Factor ENample Cost

Direct Annual Casns
Utilities

Electiricity S0,08/kWhr SO 00
Steam $6.00' 1004 lb S0.00
Water $0.25l1 O gal 55,0W00
Material ChemicalS Process Specific $250000

Operating Expenses
Operator $20/Hr 52 ht-s $ 1040,00
Supervi 15% ofOperator $156.00
Secondary Waste T&D Process Specific 5000

Maintenance
Labor 5 7/Hr 2. hr 2 yw $204.00
Materials 100% of Maintenance Labor $204 00

Indirect Annua Ciss

Overhead 6% of Labor Costs $840,00
Administrative 2% ofTCC $24,348.64
Insurance 1% ofTCC S12,174.32

Total Annual Costs (TAC) 568,966,96

Rate of Return on Capital Investment 10.00%
Service Life (years) 40

Capital Recovery Factor 0.1023
Annualized Capital investment (ACI) S 124,493.88

Grand Total Annualized Costs ACI + TAC $193,460.84
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Wet Caustic Scrubber

PT PJM/RFD Offgas Unabated

Bash EampiC asCost Item

Direct CosIs
Purchased Equpment Costs

Equipmentl
Required Ancillary Equipment (heat xers, quench, etc,)
Instrumentation rnd Control 15% of Equipment
Freight 5% of Equipment

Subtotal Purchased Equipment Costs (PEC)

Direct tistallation Costs
Foundations & Supports
Handling & Erection
Electneal
Piping and Duct Work
Insulation for Piping & Equipment
Painting

Subtotal lnstallation Costs (IC)

Site Preparation
Building Costs

C5 Location per square toot

Subtotal - Building (per highest applicable cost area)

Engineering
Construction and Field Expenses
Start-up
Performance Tests
Contingencies

8% of Subtotal PEC
14% of Subtotal PFC
4% of Subtotal PEC
4% of Subtotal PEC
4% of Subtotal PEC
2% of Subtotal PEC

Equipment Specific
see cost factors below
$1.388/sf

Equipment Specific

10%0 of PEC
5% of PEC
10% of PEC
1% of PEC
15% of PEC

equipment size
36 sf

S ,224,000,00
$00

$183,60000
36t:209 00

$1,468,800 00

$11 i7,50 00
$205.632.00

$58,75200
$58,752.00
$58,752 00
3295760

S528,76800

$20,000,00

$49.968.00

30.00
549,968 00

S2,06753600

$146,880,00
$73,440.00

$46,880.00
$14,688.00

$220.320.00

$602,20800

S2,669,744.00

Total Indirect Costs

Total Capital Costs (TCC)

Sorce MoJied tom EPA Hardbo"k Camf taologies r iarnron AOi f'ahaas lune 1991)

Page B-136

Stream S41

Total Direct Cost

Indirect Cosn (Insallatdan)
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Best Available Control Technology Analysis for

Toxic Air Pollutants for the WTP

Table B4. TRACT Control Technology Cost Estimate

Wet Caustic Scrubber
Stream S41 PT PJM/RFD Offgas Unabated

Dired Annusu Cosn
Utlities

Electricity
Steam
Water
Materials/Chemicals

Operating Expenses
Operator
Supervisor
Secondary Waste T&D

Maintenance
Labor
Materials

S0,08/kWhr
$6.00/1000 lb
S0,2511000 gal,
Process Specific

S2011ir
15% of Operator
Process Specific

52 hriyr

sl3/Kr 24 h;r/2 yr
I 00% of Maintenance Labor

indirect Annad Costs

Overhead
Administrative
Insurance

Total Annual Costs (TAC)

Rate of Return on Capital Investment
Service Life (years)

Capttal Recovery Factor
Annualized Capital investment (ACO)

Grand Total Annuaized Costs

6% of Labor Costs
2% of TCC
1% of TCC

$SO.00
$0.00

$1,040 00
S156,00

$0.00

S204.00
$204.00

$84000
$53,394.88
$26,697.44

$142,53632

10 00%
40

0.1023
$273,00646

$415,542.78ACI + TAC

Suwre: Modified from EPA Handbook Confr Tia r nn Ar P atan (lne 1991),

Page B-137
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NUCON Intemational, Inc

MERSORB* Mercury Adsorbents

Design and Performance Characteristics

MER SORB -1.5
MERSORB* -3
MERSORB *-4

MERSORB -LW
MERSORB*4.H
MERSORB-4T
MERSORBA-CR

NUCON Bulletin 11B28 - August 2004

NUCON International, Inc
7000 Huntley Road Columbus, OH 43229

Phone.: 614-946-5710 Fax; 614-431-0858 http: wwwnuconintcom)
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uellpr 1B2

August 2004

Mercury s a ystoricaly important and usef. :..strainatera4 Mercury and mer ry
covnpounds have been used 'or thousands of years as pigments in erks scanr red

side), as a:s to early mretalrgy fgiding cop- and nsrumenato tthermnmeter
barormeters;

Mercury is the only rea ic element that is liquid at room temerat-re. ts present
terout the earth

Me ury s tox c ar : man ingesb and exposure rrst be prevted. Wthen present
industrial proess fluids, mercury causes conosion and should be removed to prolong the l
of te equipment.

Mercury has vapor pressure and low s Z t Therefoe, any mercury removal process
r.uist be effev at very ow- _ccentrations Adsorption is sich a rocess. Unimpregnated
activated carbon s a far sorent-'or rrercury But :t cI acity is s ficaniy rcreased by
impregnat&r with a mat al that chericay reacts wh, a holds 7-e -nerzy The choce
of rnpre nt is dictate by the process condwons ard the composit rz oithe e, Sg of
adsorption equipmen t ts deiermned by the flow rae of the fluid stream and the desed
operatonal life of the adsorbent

Ths bullet describes NUC)N products and processes for control of mermry and ts
Cmpounds
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INTRODUCTION
Merury is .sed in many ndusial processes and products induding

a A s the cathode ii t- gneraticn of chlorne byeiectrclysis of c~rde sales
a Manuffacture of batteres,
a C atlysts,
SSpec alty chemicals,

.a Fungcies.
a Electronics manufat le-s use rrecury for sw4tces anv measurg isurents
i Mercuryisresenti;n t ccnt Lynps, high r Ies tlarrps and LCD ccrroster screens.

Mercury s hazarcots. The ~hresho Limit Values-Time Wehted Average fTLV-TWA ,
establshed by AIGCH, is O 05 mg rrreper cubcmeter air>Thetca con~cenb-ato of
mrecury found urban air ~s O1O0DU7 mg mrcury per cubc meter - renrcte andr/
areas 1 apprcoxmately 1D% of that level These Ieees are co-idered harmress because
they are 10 milon times less than the TLV. Hcmever in some industnal eYionrrents
ecocentations as " gn as 5 mg per wbo< meter of air have been measured. Ts lev is
tnes the TLV7

Mary petroleum products contair merc/my. A numrber of tests have been made to determrie
the conentratonw of rcury rn natural gas in varous pris of the U S. Loaions 
South Texas have shown' concnatons rang from 0 002 rrgm' tover 45 rngn
Mercury is also present re cndensates from other parts coe world such as lndonesa ano
No-th Africa
The eraust gases frm waste incertr and coal burning power plnrts contan n'erwuy. It
is esfirated that half of the global emissions of rmeruy come froni fossi 'uei combustion.
Ale4 the total quantty emittc by waste incmneratcrs is less, the concentatos are much
higher.

Mercur-contining waste has contaminated sol and water. Materials conta ig mnercury are
somnetmes stored in 1fla s hat are not corrpletely isolated av the surrounding
environment
Mercury can am'algar'rate wth rmetals used in process equipment causing corroson ano
faue. Therefore, natuaal gas processing and quefacton plants uise merwiy adsorbents to
protect their *ccd box' heat exchangers> It is a poison for scoe cataIysts use:' e
hydrocartor process-g. Catalysis are prote-teo in scone ethyene plants synthesis gas a
steam refo'rming unts ara 'or hyarogen arc ammonia production

D-96 
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PHYSICAL PROPERTIES

Aias st itr

General physical properes are shown in Table 1

Table 1. Physical Properties of Mercury

2lubidity water
Satiration cncentrabcn, 2O* C
MetIng port
Boilng pot
Densa Wy
MAoiecular*Weght

aoe m6 ng er lite~
14 mg per cubc reter air
-38 9* C
356.6* C
13, gper ml

2a0.F

The solubilty of mercury in hydrocarbon ofids at ronm temprature is shown in Table 2)

Table 2. Solubility of Mercury in Organic Liquids, mnglliter

Heptane
Benzene
Iso Octane
lsopropyl Ether

1.3
2.4
D8
1.0

Typically the solubi ty of nrruy in hydrocarbonss greater than n water S<n C
some gevgc formations contain bc4h liquid mercry are hyrtmns, the natral g s ad
hydrocarbon liquids recered cz have very hig rercury cntent

Page 87
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CONTROL METHODS

Mero4ury Adsorb*er,
8Etn 1 B1S

Ai~t N014

Most rmerc/y cortnoI tei'ses use adsotets ~pan or 9npregraled; some ton The
high surface area of the ads rtents attracts the mnerrcury and face tates physioa adsorphon or
ceienicaI reaction. The rrost cormro barse rma era is aovate carbon. pregnants are
&-osen 'or suitabilty a a patctlar eironmrer.

NUCON Int-iional .NUCON hasdeve pedthe MERSCR8'amiyofadscrbentsfor
alrmost every type of mercury rermoval application.

For prccss ng natural gas, hydrucato [quids, ano srras air streams, fxed beds ofDemted
MER SORB* aesarberrts are used. Even th4 the adsortents are opbrnized for rraximum
mass trarsfer rates~ the relatively slow reaction rate of the mnercury uapor wth the impregrant
requires a relatively long residence time. The amofc adsortert required to achieve-g
rem vaiefciency i g eal give averylng sevce ife

When rmerctny is present at very kow concentrations in relatively large gas strams isuach as
effuent gases from coa ired pcwer plnts cr waste incInerators, povdered adsorbents can
be used. The powered adsorbents cxn be sected into the gas stream and after aii
apprmpnate residene time, fatered out in a &cist collector. Tess have shown various degees
of effectverssK

GAS PHASE APPLICATIONS
Various dis on processes controd the rate of mercury removal by impregnated cabos.
Bulk dr~usion to the surface of t- partide. cre dmtsion, and reactant and reaction-product
diffusicn r the decsited impregran tayr all affect perfomwe. NUCON base adsorbents
have been selected 'or th optenized poce struoture.

MER SORB" adsorbents:
* Are we suited 'or protecting catalyst beds ande alunrum heat exchangers
r Remove mercury fYm poess-as steams.
* Hav high capa ty ac renoal e~ceny, ar low-pressure dr5p-

MERSORS* is a regstered tradenar of NUCON Intemational Inc.
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Long-Term Laboratory Tests

M E3 OCZ&
Melmdry Adorbnt

Bu"Itk, IB±
At gut -, C

Mercury rercsaI e'iency and a:sorpt capacity tesng n r1 actve r7ercuy, hav
been pef7Ored in e NUC ON radioisotope ersoy os#ng Hg.

The test parameters were:

Gas
Temrperature
Bed Diarreer
Bed Depth:
Patde Size:
dt Concertraion:
Pressure:
Linear Velocity:

Air

2f -nm
150 mm
3 mm pellets
32 mg Hg rr air

I OATM
3 ftmin.

Tests were condudted using s bed segentS, each -g 25 mm deep and 25 mm
diameter.
The rmioactve isotope cortt of the samples of gas be3en te semnents was ana yed
at pernodic rtervals. The results of the tests for mercury removai c air ae scw in Figure

240 300 be. 4±:

I"

w

Tim w, day s

Figure 1 - Mercury Removal Efficiency from Air
at Various Residence Times

C-9Pae8

- Resideace 3 me

--=-6 mee
"-M-Qatase

* 3 m pe ta

I I

og
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B. UVn 112
AOu.Zt 2CS4

Sirnoar tests for r+cury remova efiency , cIaaty from natura as -ave aso oeen
peffcfrned. The tes: prameters ere the same as in 7e M tests. Results are show n

F9gre 2.

106 --

Li

100

I0

is

86

SO

76

D GG 120 4s13 240 zoo

Ttme days

Figure 2 - Mercury Removal Efficiency from Natural Gas
at various Residence Times

For bod: ar and -natural gas, wer t-e gas stream s saturated w-th mercvy, a 10-sed
resdence tine is rec rended to ache eve cormplete removal of te mercury. At these a g
cncrentratiors MERSORBa adsorbent removd 100% C&e trenr-y 'or over ore year in
most commer-- appli1ations the cry concentraton s : ry a fraction f' the saturaton

level and the fe of the MERSO!RB aDsorbent is tycally severs years.

An alternate aovroach, oca be used rernova effciencdes of less than 100% are acceptable.
A smaller bed vi. give adequate pe'fornance or a sighty shorter nod of time. F 
exampo, a f second resdence tine provide 240 ays e at effice&es ve 5 in t-e
nlatal gas tests tFw SiE:mi ry, at low merovy ccentations 10C% remcva can De
ace avec at less than 0 seconds residence time.

Page 90
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Adsorption Capacity

MER SORB
Mwroury AndorbcAS

B unetIn 11 BI2
Ait 2004

The theoret caD ynuilibum adsorption caacity of MERSORB' pellets s S5 g g1OQ g
MERSORBE adent. Howeer ts irrpractcal to reach1 that level e ornra
applications n extremey long tirre wce e D requrd to obtar o tsn of the mnertcury into
the adsorbent ar for toe &semnicai conversion to take place. In the -eo of t- mass
transfer zone the amiount adsorbed is always ess than the -naximwi DCy-imc adsorpbon
c.aaity data for te e xended cynianic adsorption tests are se'iwn -n Tre 3.

Table 3. Dynamic Adsorption Capacity of MERSGRBS 3 mm Pellets

Test Duration, days

Bed Segment No.

1
2
3
4
5
6

Air

407

Natural Gas

365

Amount Adsorbed,
g HgMOO g MERSORBV

23
19
15
15
14

0,3

31
28
19
14
12

0.3

While Bed Segment No. 6 adsorbed a sal amount of mercury, there was no dete e
breakthrog fr r the bed at the end of the test

D-1O1 
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Particle Size Effects

8 jiietn 11B2k
August 2004

The partdle size of the MERSORBm acsorbent affects sevral ocaing pararneters. Data
corceming The tio most irrco-ant cnter~a performance ac oessee iire has ter
developed~

Performance

The dyname oorrance os sm Ptice size adsorbens ~s atways better tn fr that of
Larger sizes. F gre 3 scms t- Pereeze in pedormance between MERS3ORBa 1 5 nrn ani
3 rnm wes These tests were conducted using air saturated wth merc y at 3O'C. The test
bed d mensions we e 25 mrr diarmeter by 25 rrlong.

4t

7Iz
8 5

75

70
7 14 21

Time, days

Figure 3 - Effect of Particle Size on Mercury Rem oval from Air

T~- d ierence is veiy rti., at sht res ence thLes The 5aI efciency for M5 m
pellets at 1 67 seconds rescnce tire is 'O0 wde or 3 rr t s around 3%
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Pressure Drop

MEPSOF':
Wi'roury A&ie~

Biletin 11B2S
Aii uJt 2004

ourves for MERSORB* peets at atr~nospheric pressure are shown in Figure 4

Figure 4 - Pressure Drop of Air Through Packed Beds

10.00

1 00

C L 0.10

S0-00
0 1 10 100

Superficial Velocity, feetlminute

Natural gas procEss# s roraly dcre * high pessure. F4'* resistance for a typ a
operatng pres-e is shcw in Figure 

Page 93
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Velocity Effects

0.1

0

a0.1

0.1

1000 2000 3000 4000 S0fl

Natural Gas Flow Rate, lbs/hrisq ft

MER3ORBZ
Vr uiy Adkorberts

Buatin 11828
Augst 2.004

G0M0

Figure 5 - Pressure Drop Through MERSORBO Peleted Adsorbent
NUCON ran laboratory tests on 4 mm MERSORB* pelletsusingtwo different gas ve4oc4ties
Wth &e bed depth of 12 ,ches. The compa-ative results after 30 days of testing are shown
in Table 4.

Table 4. Effect of Velocity on Dynamic Adsorption

Removal Efficiency (%)

Residence Trnme, see

167
3-13

3 ftmin

42.8
80,3
90.7

6 ftimin

;8 4
88 7

100 0

Ricoval efic ency is ger* y e-ceived as a 'tnction of 1he residence tne. However, at
higher superf cal gas velocty', the removal eficency at a given resoence tire mvoes aue
to favorable dif&jsion effects.

Page 94
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Temperature Effects

MEPSOROV
Veroury Ad&cdbertA

BSlumn 1129
Augut 2004

Operation of mercury removal systems at high tenperatures is sometirres necessary There
are two mazor effects up performance at elevated temperatures. The silur irpregnant
can:

* Vaporze in inert atmospheres, or
* Oxidize in air atrmospheres.

NUCON uses a unique manufacturing method to make the MERSORB sfur-impregnated
adscrbents. The result is a product that retans the impregnant better at hig- operating
temperatures than t* adsorbents manufactred by otherm Thernogravnwetric anaysis of the
NUCON and conpettve producd has substantiated -h's fact

The results of therrogravrnetnc analyss of samples of 3 mm MERSORB" mercury
adscetent and a competitive 4x 10 mesh size granular adsorbent are shown in FVgure 6. For
the competipve (granular product a-ost hf of e irregant was lost at temperatures
around t-e boiling point of water. On the other hand, the MERSORB" stows no weght loss
unt t temperature exceeds 200" C.

The diferences are ewen nwre noticeable for tests conducted in ar (See Figure T The
weight loss at temperatures above 275'C for the compettive product indicates that both the
sutfur impregnant and some of the carbon is being oxidized, For the NUCON MERSORBI
rmateral, only a small portio- o the sU-fur s lost at that temperature.

A specia0 grade. MERSORB'HT, s available for high -emperature applications (greater dna
100 'C). Through a unique manufactunng process, --e s- fur Js converted to a tem-n that is
very stabbe. The vmgit loss of MERSORB'HT when subjected to a temperature of 200 *C is
typically 2%.

D- 105 
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Weight Loss

I

4

2

a

MER SORX
Meroury Alnclberl

Buh e in 11623
Aijast 204

C 0M pelitive

1itUzC{Fi1N
......-..... .

OEM,- - ~ -

I II I Ij 200

Temperature, 1C

210 Sao

Figure 6 - Weight Loss of Mercury Adsorbents in Inert Atrnosphere

- -Conpetitiv

-NUCON LJIIIEYIJI
I

- . - . - . - . - . - /

-Ill-I-I-I- - - r-p--T-t -

~EEEEEhE* - * - * - I -U q.F
1 50 200 250 300

Temperature, 'C

Figure 7 - Weight Loss of Mercury Adsorbents in Air
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All thermcgravrnetric tests were performed on carbn at had been ied to rmove
mnostwe.

Ot-* tests were co-te- ith a stean of nertar* fawing ir.- a bed of
M ERSORB" 15 pellets at 150-C After 24 hours, the impreg antl ss was only 0.5%

The MERSORB3 sulfur -npregated adsorbents are q-y control tested at 200'C to
ins;re stability of Ie inpregant.

The typica loss of irnpregrant content for MERSORB* HT ts 2 %.

LABORATORY TEST RESULTS

rberts
11821
t2D8O4

The results of laboratory tests performed on several sniulated gas strearrs have been
used as a basis for The design of merviury removal processes, They nclude offgas from
m ,xed waste incneration, a plasma e--a-ced metter. verilatwon of a vt cell, and a
clcrnical rmunitons scineraton process. Ta3,e 5 shows the res-iAs of t&ese tests

Table 5. Laboratory Experiments, Gas Phase Mercury Removal

Ap1icaion FWXed Waste Mixed WaSIS Hot C94 V6Et lasra-
Incineradon' fticinrat* SMS FacIUesll nrhancad

Gas Inert Off Gas ;nert Off Gas Ar Synaas
Impurities NO, HCL Nitrog
Mercury Cone., m4cu m 10 16 0.055 0.55
Temperature, *C 150 07 38 30
Residence Time, sec 0:99 0 63 0.7 20
Test Duration, hr 1000 ___t __ 60 9
Mercury Removal Ef, % __ ._9 99,997 W8 W_ go

D-107 Page 97
D-107 Page 97



pro t on

RPP-ENV-48231, Rev.0, Appendix D

RPP-ENV-46679 Rev. 1

NUCON International, Inc
Ro&t Fa :4d Ct- OH 43':

P7: eM41m - Fx: Ii431-0M m wwmjua#-Jtoom

UA A C

LIQUID PHASE APPLICATIONS

MERSP&&
Mefowy Adccerenti

s iIeEin IIB2R
AuuFt 2004

NUC N aso p'oduces mercury remov aasorbents s:. F [s phase ap_ aatons. The
MER SORB L des gaton s used for products desned to remove mercury e l
phase. There are t products used for I-Y phase appicate -

- MERSORB" LW for I qu phase. aeus sol77 'ns
* MERSORB L-H for qsd phase -ydrocarbons

T-e prerA used to make LW race is rsoluble in water The impregant use: to make
LHI grade is inse2e in commit hTarbons-

The standard LW and the LH grades are supplied as 1 5 and 0.9 mm diameter pellets.
Custom partCcle sies are :aiable.

Mercury Removal from Water

The MERSORB' LW grades drwmiohy react wth eer-tl mercury or water-soluZoe
rmercury salts wthin tre cre st'etcre of the adsore't Even though the sclubity of
elemental mercury in water s k#m t0.0eA mg1ter environrmental mAthortes often speocfy
even lower leves. Soluble mercury saks can he present at much higher c ncertratens e

vas co10 m "td tram

The merry adsc pion capcty of MERSCRB' L W s concentraton dependent. Typc
desgn coritact tines are in the rarge of 23-40 mnntes at ambient temperature The
MiERSORB" L W grades can be used at temperatures up toW0 C

Ifi arge amounts of desoved organic material are also present in the aqueous streams, an
unimpregnated carbon (NUSDRB' GC6O-1 5) shous he used as a guar bed to increase re

Iffe and etlcency of the MERSORSB L W for mercury remroval.

Adsorption Capacity
Fgre 6 shows an isothemr for adsornton of & mercury from water- Water (pH 7)
containing 50 ppm mery as Hg6 from HgCbi was contacted wt1 vious amounts of
MER SORB" L W-3 ground to -325 mesh After 24 ho..rs te carbon was fittereo out and t-e
resdual rmercury ccncenrator in the 9trate was deterred by Atomic AserpW'r

Page 98
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1
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100

MERSOR
mrury A U tre r.

BugatOtin 11828
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Merorb LW

1

Concentration, mg Hg/liter

Figure 8 - Adsorpion of Mercury from Water by MERSORB® LW

Effect of Acidity

The pH of the water infuenehe he adsorption capacy for mercury MERSRB' LW was
ground to -325 mes ard 0.1 was mixed wih 100 ml of reagent grae wtr* ccu;F ainn § 4

mg merxyAyer water. The pH was adusted with NaOH scbution. The residual mercury
conoentraon was measured after 24 hoars ThIse results are shon in Table O

Table 6. Effect of pH on Mercury Removal

PH

Amount reniAved, %

3,2

44

10

80

Less th"n hal' of the merawywas remooed at pH32 - eover§Q% was rernozeda pH 11

The efrect of other ions The water on mercury adsorpon can be sustantal Conract yr
MERSORB applicat s for advi in these cases

Page 99
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Oak Ridge National Laboratory Studies

MERSOR'
mWrouty A ofbonr

B.fet1n 11920
ALu.t 2004

',A, wastes :n g mercury must be temated at a number of nue . c t ies7 As a part
of a prograrm to ctain prei m -y technca dan a learr at oak R:dge Nat onR1 Laboratory
performned lab studies -sng a s&oAion of rmercury in water synthesized to dupkcate some of
t~e actual wastes. T hey found that MER$ORB# LWV was ef+:ctive this applicaton. By
varyjng soluton conitions. they ound that mercury uptake was s o: 5sor at :O OH :-o
:at corspetrg catons reced t-e total amwount of rmercy removed. W e he theore ca
cacity is 071 gi*g of MERSCIRB" LW, at the low concentrations used 'or the tests, tre

cac t was0 12 ggat -eutral pH. The rate of mercury adso on was found to fouow Tst-
order kinetic behaver.

In another stuy, MERSORB3 LW was evaluated for its rmercy remoal from water streamns
wiich conrain ss ved mercury satS" In tese exments, y, :-ogt Dist.bu

CVeiient (Di that is the adsorbed arr:rt per kogram of dry adsortent dided by e
amu t r ter of sout , was eter"rined at Wo rercury conce tir s from a 0.05 M

s: m -ntrate and a 0.05 M sodium dionde solution. The rcury in the infeA was
present as Hg.

Table 7. Distribution Coefficient of Hg +2 on MERSORB* LW

Hg" Salt Concentration

From 0 05 M NaNO3
From 0 05 M Na :

Trace

1i 50 g)
1,0Q00 00V g)

0.001 mial Hgkg

78200 ( g)
175,000 Ig)

Mercury Cell Chlorine Caustic Plant Waste

Wastewatjer discharges from the HortaChem dior-alkai plant :n Maine exceded the
newIy establshed rervy concentraon i -pose: by the EPA . An extesiv
process system was instaled wh inolued opt~mition of the sufide pre-treafent
step, adjustmrent o pH and the a: on of 0.5 micvon partie ers, foo d by a
polishing bed of MERSORB" LW mercury adsobent. The result was a reductor in the

effluent co-oertraton to below 50 pTw Process co::'ons for the MERSRB a scrber

Residene time
hiet Mercury Cocentraton
Mercury Removal ET ciency

'00 gpm
45 minutes

S ppb,5 ::j%

D-11O 
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Mercury Removal from Hydrocarbon Liquids

MEPWRSC
weroury Adscotbed

R u;etin 11928

Tests ?,.e been edonrr in te NUCON _ab-ory rng MER3ORB LH to emov
elemeftal merary 'm optane. Ega m sorpt i results 3 -e s-n in Figure .

I
E

10

7

1

Initial CoCIantratIon A r Hg K Heptan.

MERSORB LH - 1 1

9001 C.A1 0.1 1

Mercury Concentration, mg Hg'kg Heptane

Figure 9 - Mercury Adsorption from Heptane, MERSORBO LH
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CASE HISTORIES

Water from Air Scrubbers

For some smaI me 4cai waste inerators, the exhaust gas is passed througr a water
scrubber to rern-ve partculates and water-sduble con - s. A-y mercury piresent in tMe
waste is contared in the scrubber water Drg a Jourmont dercorstration prcjec
scrubber waler cr1taning an aerage of nr ppbw Hg was passed throi a cdumn of
MERSORE' LW to reme the mercury. An average efert evel of less than 2 pptw Hg
was maiNtained over this pen-d

Mercury Cell Hydrogen

Hgh purny hydrogen -Dloride {HCib is marsifactured by reacting *ydrger and cr ne A
facdity using hyc gen from orirtecausbc meraay cells rrust remow the rrecury
hydrogen to ret specifcat rs r the HC- Mercury ccetratons up to 300 ppb we
reduced to less than 0.01 pb in a sge column of MERSiRB 3 mm oaneter pellets This
system has been in operation tor over eight years wIth 00% mercry removal e:ency

LNG Production Plant-Hg in Natural Gas

A westem USA natural gas processing plant produces LNG in order to reject r trogerc
from the gas. This plant has its mercury removal secton upstream of t-e CO2 rerrcal
sectiron The plant was using a compettve mercury adsrce:t r suffered rerciry
corMision donst-eamr due to poor mercury removal effcrcy. Suur contamration ri the
NGL was also observed, e to loss of sulfur fr-om the mercury adsciberit caused by
water-gIycd carryover. The pat 1 staled MERSCRB nruy asorbent and sJur
con-amlnation of their NGL was ehmrated arn toe corcentration rrercurycubic meter n
the treated gas is consstent*y < 2 nanograms.

Mine Atmosphere

A gold m rg pat in Nevada en;rAtered concentratons well abcve the TLV in te
enccsed processng area. An air purifcatioin system coiryaining MERSRB'3 3 rrn + rets
was installed. The mercury level thas been reaced to blaw the TLV.

Page 102
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tnrt flff43a

A reyer plant uses a retort to process its mercury-beanng wastes Using a compettive
mercury adsorbent to f ter the 250*F oF-gas they expenenced repeated bee fres. After
tab testing all available mercury adsorbents (ey swItched to MERSORB' -nercwy
adsorbent. There have ee no furt-er problems w ih ted f Es and merouq emisson
requirements are net

Mercury Waste Recycler-Hg in Water

Treating retort condensate water for mrcury removal using a conPetitorIs -Poduct did not
a,--e o he desre perffonnance- Ater ins-e MERSORB* LW mercury adsorbent, the
user reduced merur~y levels a t treated water from as high as 1 WD ppbw Hg to less
tan 1 ppbw Hg.

Fluorescent Lamp Recycling System OEM-Hg in Air

An OEM tned several competive mercury adsorbent products and de:ded to use
MERSORB* meraury adsorbent Over 20 systems rstallAed all meet mercury emissions
regulations. Even with a tee-shift .arnp recydig operation the mercury adsorbent lasts
seven yews.

Fluorescent Lamp Plant-Hg in Air

The plant needed to control the merwiry emssos from their fluorescent lamp cring
ovens. An air collection system was nstalled, in,--o-g an adsorber conaining
MERSORB* LH nmrcury adsorbent Mercury concentratons around the unit were Teduced
from > 100 micrograms Hg'cubic meter to non-detecta4e levels of < 1 microgram
H9 'cubic meter, even though the treated air terrperature was over 1 c0 F.

Mercury-Cell Chlor-Alkali Plant-Hg in Brine, Hg in Water

The plant needed to drasticary reduce te mercury emissions in ts spent brne A * X
gpm secondary treatnent system . sing MERS ORB L merctmy adso ent was nstated
The process reduced mertury levels n the bnne from > 50 ppbw Hg to < 0 50 ppbw Hg
(<50 ppTllion Hg by weight).

D-1 ag 0

tnrt (Iff-rae.
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OPERATING GUIDELINES
The ollowing are ge-era ga dnc for tpcaJ appfcatons. Contact us to dsus MER3CRB'
applications tailored to your soec c pperating cond1(ons.

- Do not use these pmdit 'or ac c sctions. Acios reactng with sfr compounds
can generate hcoen saflde (H2 ) wicid s poisonous. Renoval efficency for cnic
rrerwury decreases at a pH below 7. For elerrental rmerceiy a pH as low as 4 can te

2. srds
2. Wh+n non-mercury impf.ities must aIso be 'emoved, t mnay be desirable to use

4giar adsorbent beos in semice upsireamn of the MERSORB" adsorbent bees to
remove these impurities and *crease dhe life of dhe nrercery adsorption bed.

3. Merwvy removed by the suFr impregnated MER3GRBt is conveted ty the
adsorbent to mercuric sutFide. a naturaly occumng 3oot pent adsorbent
should be handed accrd ng to appropiate disposal pce esand aocording to
aopicable safety and transportation regulatns.

4. For optirMrn remo effidency it is always preferbe to operate a deep bed at - gi
velocity rather than shallow adsorbent bed at a low velocty.

5. It is impotant to have e~ectie Bquid knockout upsb-eami of gas phase mercury
adsorpton beds. uquid hyccartxoes can d ssove the sufur irrpregnant. Any liquids
etering or condensveg in the adsorbent bed inter'ere w th the mervury adsorption rahe
a3d caacity. It ts also corroi for natural gas strearms to be satated with water.
Srece high reiatvie hurmid ity interferes with mercury acorponI 4 is fiportant to raise
die temrperature of the gas enough to reduce the -e a*ive hum ciy less than 9O%. 'This
will also me ncze th possibility of getting lieii water on the adsorbent beds. It s also
helpful to heat trace h piping between the heater and the adsorber to pevnt cooI n
and corndeusaton.

6. The MERSORS" mercury adsortbe~s have been showni to be effectve at resatively
h#7 operating temperatures. F~ease cntact your MERSORB" 3Drpations engineer
for specfc product recorirnendations for your parnoi ar s uaton

Page 104
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TECHNICAL SUPPORT
NUCON hnI, personne can :ravide:

A. AMsorpo equi ibium dat

B, Dyniiadsrpcn data.

C. Prccess <sign engineerng cfine mercury rem:1-: process.

D. System fbcaton and installabo.

E. On-site technica servIces.

D. Plot scaie adsorbers f sLp stream tests.

MERSORB' applcatis er-ees can ad ,ise users cnmtng poteniaI recovery of
rwc uryfm sn asorbent bedsj
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Table E- 1. Health effects of TAPs above the SQER emission threshold.
Chemical Name CAS# Routes of Exposure Target Organs Acute Health Effects Chronic Health Effects
Ethyl Benzene 100-41-4 Inhalation Eyes Irritating to the eyes, skin, and This substance is possibly

Ingestion Skin respiratory tract. Swallowing the liquid carcinogenic to humans. May have
Skin and/or eye Respiratory may cause aspiration into the lumgs with effects on the kidneys and liver.
contact Central Nervous the risk of chemical pneumonitis. The Repeated contact with skin may

System (CNS) substance may cause effects on the cause dryness and cracking.
central nervous system. Exposure above
the OEL could cause lowering of
consciousness.

n-Nitroso-n-niethyl 10595-95-6 No Data No Data No Data No Data
ethylamine
1,2-Dibromocthane 106-93-4 Inhalation Eyes The substance is irritating to the eyes, Lungs may be affected by repeated

Skin Absorption Skin Respiratory the skin and the respiratory tract. The or prolonged exposure causing
Ingestion Liver substance may cause effects on the bronchitis. The substance may
Skin and/or eye Kidneys central nervous system. resulting in have effects on the liver and
contact Reproductive lowering of consciousness. kidneys.

system
1,3-Butadiene 106-99-0 Inhalation Eyes The substance irritates the eyes and the The substance may have effects on

Skin and/or eye Respiratory respiratory tract. Rapid evaporation of the bone marrow, resulting in
Central Nervous the liquid may cause frostbite. The leukemia. This substance is
System (CNS) substance may cause effects on the probably carcinogenic to humans.
Reproductive central nervous system, resulting in May cause heritable genetic

lowering of consciousness. damage in humans. Animal tests
show that this substance possibly
causes toxic effects upon human
reproduction.

1,2-Dichloroethane 107-06-2 Inhalation Eyes The vapour is irritating to the eyes, the Repeated or prolonged contact
Ingestion Skin skin and the respiratory tract. Inhalation with skin may cause dermatitis.
Skin Absorption Kidneys of the vapour may cause lung oedema. This substance is probably
Skin and or eye Liver The substance may cause effects on the carcinogenic to humans
contact Central nervous central nervous system, kidneys, liver,

system resulting in impaired functions.
Cardiovascular
system

Acrylonitrile 107-13-1 Inhalation Eyes The substance and the vapour is Repeated or prolonged contact may
Skin Absorption Skin irritating to the eyes, the skin and the cause skin sensitization. The
Ingestion Cardiovascular respiratory tract. The substance may substance may have effects on the
Skin and/or eye Liver cause effects on the central nervous central nervous system and liver.
contact Kidneys system. Exposure far above the OEL This substance is possibly
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Chemical Name CAS# Routes of Exposure Target Organs Acute Health Effects Chronic Health Effects

Central Nervous may result in death. The effects may be carcinogenic to humans.

System delayed. See Notes. Medical observation
is indicated.

1,4 Dioxane 123-91-1 inhalation, skin Eyes, skin, The substance is irritating to the eyes The liquid defats the skin. The

absorption, respiratory and the respiratory tract. If swallowed substance may have effects on the

ingestion, skin system, liver, the substance may cause vomiting, and central nervous system, kidneys,

and/or eye contact kidneys could result in aspiration pneumonitis. and liver. This substance is

Exposure at high levels could cause possibly carcinogenic to humans. p

lowering of consciousness. 46; m 2B), Changed from This substance

Exposure to high vapour concentrations is probably carcinogenic to

may result in unconsciousness. at update humans. at update 2007.
2007.,

Perchloroethylene 127-18-4 inhalation, skin Eyes, skin, The substance is irritating to the eyes, Repeated or prolonged contact

absorption, respiratory the skin and the respiratory tract . If this with skin may cause dermatitis.

ingestion, skin system, liver, liquid is swallowed, aspiration into the The substance may have effects on

and/or eye contact kidneys, central lungs may result in chemical the liver and kidneys. This

nervous system pneumonitis. The substance may cause substance is probably carcinogenic

effects on the central nervous system. to humans.
Exposure at high levels may result in
unconsciousness

Polychlorinated 1336-36-3 Inhalation Liver Can irritate the skin and eyes. Inhalation May damage the liver. Probable

Biphenyls (PCBs) Skin Absorption can irritate the nose, throat. and lungs. Carcinogen and Teratogen in
Can cause headache, nausea, vomiting, humans. Evidence that they cause

loss of weight and abdominal pain. cancer of the skin, brain, and
pancreas in humans and have been
shown to cause liver and pituitary
cancer and leukemia in animals.

n- 55-18-5 Eyes Liver Contact can irritate eyes, skin, nose and PROBABLE CARCINOGEN it

Nitrosodiethylamine Inhalation throat. has been shown to cause liver,

Skin lung, gastrointestinal tract cancer
in animals.

Carbon Tetrachloride 56-23-5 inhalation, skin central nervous The substance is irritating to the eyes. Repeated or prolonged contact

absorption, system, eyes, The substance may cause effects on the with skin may cause dermatitis.

ingestion, skin lungs, liver, liver, kidneys and central nervous This substance is possibly

and/or eye contact kidneys, skin system, resulting in unconsciousness. carcinogenic to humans.
Medical observation is indicated.
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Chemical Name CAS# Routes of Exposure Target Organs Acute Health Effects Chronic Health Effects

n-Nitrosomorpholine 59-89-2 Inhalation Liver Irritating to the eyes and skin. May damage the liver. May be a

Skin and/or eye Kidney carcinogen in humans,

contact Lungs it has been shown to cause liver.
kidney and lung cancer in animals.

Diiethyl Mercury 593-74-8 Inhalation Central Nervous The substance is irritating to the eyes, The substance may have effects on

Ingestion System the skin and the respiratory tract. The the central nervous system,
Skin Absorption substance may cause effects on the resulting in impaired functions.

central nervous system, resulting in This substance is possibly

impaired functions. Exposure may result carcinogenic to humans. Causes
in death. The effects may be delayed. toxicity to human reproduction or

Medical observation is indicated. development.

n-Nitrosodi-n- 621-64-7 Inhalation Liver Kidney can irritate the eyes PROBABLE CARCINOGEN in

propylamine Ingestion Lungs humans. There is some evidence
that it causes liver, kidney,
esophagus, and respiratory tract
cancer in animals.
May damage the developing
fetus. May damage the liver.

n- 62-75-9 Inhalation Liver Irritating to the eyes, skin, and Can damage the liver. The

Nitrosodimethylamin Ingestion Kidneys respiratory tract. High exposure can substance may have effects on the

e Skin absorption Lungs cause headache, nausea, vomiting, liver, resulting in jaundice, liver

Skin and/or eye stomach cramps, diarrhea, fever, and function impairment and cirrhosis.

contact weakness. Probable carcinogen in humans, it
has been shown to cause liver,
kidney, and lung cancer in animals.

Chloroform 67-66-3 inhalation, skin Liver, kidneys, The substance is irritating to the eyes. The liquid defats the skin. The

absorption, heart, eyes, skin, The substance may cause effects on the substance may have effects on the

ingestion, skin central nervous central nervous system, liver and liver and kidneys. This substance is

and/or eye contact system kidneys. The effects may be delayed. possibly carcinogenic to humans
Medical observation is indicated.

Hexachloroethane 67-72-1 inhalation, skin Eyes, skin, Exposure may result in unconsciousness. The substance may have effects on

absorption, respiratory the liver and kidneys. Exposure at

ingestion, skin system, kidneys far above the OEL may have

and/or eye contact effects on the central nervous

system, inducing tremors and
ataxia.

Benzene 71-43-2 inhalation, skin Eyes, skin, The substance is irritating to the eyes, The liquid defats the skin. The
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Chemical Name CAS# Routes of Exposure Target Organs Acute Health Effects Chronic Health Effects

absorption, respiratory the skin and the respiratory tract, substance may have effects on the

ingestion, skin system, blood, Swallowing the liquid may cause bone marrow and immune system,

and/or eye contact central nervous aspiration into the lungs with the risk of resulting in a decrease of blood

system, bone chemical pneumonitis. The substance cells. This substance is
marrow may cause effects on the central nervous carcinogenic to humans.

system, resulting in lowering of
consciousness. Exposure far above the
occupational exposure limit value may
result in unconsciousness and death.

Manganese & 7439-96-5 inhalation, ingestion respiratory Manganism; asthenia, insomnia, mental kidney damage

Compounds system, central confusion; metal fume fever: dry throat,
nervous system, cough, chest tightness, dyspnea
blood, kidneys (breathing difficulty), rales, flu-like

fever; low-back pain; vomiting: malaise

(vague feeling of discomfort); lassitude
(weakness, exhaustion):

Arsenic & Inorganic 7440-38-2 inhalation, skin Liver, kidneys, Ulceration of nasal septum, dermatitis, Potential occupational carcinogen

Arsenic Compounds absorption, skin skin, lungs, gastrointestinal disturbances, peripheral to the lungs and liver.

and/or eye contact, lymphatic system neuropathy, respiratory irritation,
ingestion hyperpigmentation of skin,

Beryllium & 7440-41-7 inhalation, skin Eyes, skin, N/A Berylliosis (chronic exposure):

Compounds and/or eye contact respiratory system anorexia, weight loss, lassitude
(weakness, exhaustion), chest pain,

cough. clubbing of fingers,
cyanosis, pulmonary insufficiency:
irritation eyes; dermatitis.
Potential occupational carcinogen
to the lungs.

Cadmium & 7440-43-9 inhalation, ingestion respiratory Pulmonary edema, dyspnea, cough, Potential occupational carcinogen

Compounds system, kidneys, chest tightness, substernal pain: to the prostate and Lugs.
prostate, blood headache: chills, muscle aches; nausea,

vomiting, diarrhea, anosmia,

emphysema, proteinuria, mild anemia.

Chromium 7440-47-3 inhalation, Eyes, skin, May cause mechanical irritation to the lung fibrosis

Hexavalent: Soluble ingestion, skin respiratory system eyes and the respiratory tract.
and/or eye contact

Vinyl Chloride 75-014 inhalation, skin Liver, central The substance is irritating to the eyes. The substance may have effects on

and/or eye contact nervous system, The liquid may cause frostbite. The the liver, spleen, blood and

___________ (liquid) blood, respiratory substance may cause effects on the peripheral blood vessels, and tissue
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system, lymphatic central nervous system. Exposure could and bones of the fingers. This

system cause lowering of consciousness. substance is carcinogenic to
Medical observation is indicated. humans.

Acetaldehyde 75-07-0 inhalation. Eyes, skin, The substance is mildly irritating to the Repealed or prolonged contact

ingestion, skin respiratory eyes, the skin and the respiratory tract. with skin may cause dermatitis.

and/or eye contact system, kidneys, The substance may cause effects on the The substance may have effects on

central nervous central nervous system. the respiratory tract, resulting in

system, tissue lesions. This substance is

reproductive possibly carcinogenic to humans.

system

Dichloromethane 75-09-2 inhalation, skin Eyes, skin, The substance is irritating to the eyes, Repeated or prolonged contact

absorption, cardiovascular the skin and the respiratory tract. with skin may cause dermatitis.

ingestion, skin system, central Exposure could cause lowering of The substance may have effects on

and/or eye contact nervous system consciousness. Exposure could cause the the central nervous system and

formation of methaemoglobin. liver. This substance is possibly
carcinogenic to humans.

Ajiunonia 7664-41-7 inhalation, ingestion Eyes, skin, The substance is corrosive to the eyes, N/A

(solution), skin respiratory system the skin and the respiratory tract.

and/or eye contact Inhalation of high concentrations may

(solution/liquid) cause lung oedema. Rapid evaporation
of the liquid may cause frostbite.

1, 1,2-Trichloroethane 79-00-5 inhalation, skin Eyes, respiratory The substance may cause effects on the The liquid defats the skin.

absorption, system, central central nervous system, kidneys , liver,

ingestion, skin nervous system, resulting in central nervous depression,

and/or eye contact liver, kidneys liver impairment and kidney impairment
. Exposure at high levels may result in
unconsciousness.

Trichloroethylene 79-01-6 inhalation, skin Eyes, skin, The substance is irritating to the eyes Repeated or prolonged contact

absorption, respiratory and the skin. Swallowing the liquid may with skin may cause dermatitis.

ingestion, skin system, heart, cause aspiration into the lungs with the The substance may have effects on

and/or eye contact liver, kidneys, risk of chemical pneumonitis. The the central nervous system ,
central nervous substance may cause effects on the resulting in loss of memory. The

system central nervous system , resulting in substance may have effects on the

respiratory failure . Exposure could liver and kidneys (see Notes). This

cause lowering of consciousness substance is probably carcinogenic
to humans.

1,1,2,2- 79-34-5 inhalation, skin Skin, liver, The substance is irritating to the eyes, The liquid defats the skin. The

Tetrachloroethane absorption, kidneys, central the skin and the respiratory tract . The substance may have effects on the
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ingestion, skin nervous system. substance may cause effects on the central nervous system and liver .

and/or eye contact gastrointestinal central nervous system, liver and resulting in impaired functions

tract kidneys , resulting in central nervous
system depression and impaired
functions . Exposure may result in
unconsciousness. Exposure may result in
death.

Hcxachlorobutadiene 87-68-3 Inhalation Eyes, skin, The vapour irritates the eyes, the skin Repeated or prolonged contact may

Skin absorption respiratory and the respiratory tract. The liquid is cause skin sensitization. May cause

Ingestion system, kidneys corrosive. The substance may cause genetic damage in humans.

Skin and/or eye effects on the kidneys.

contact
n-Nitroso-di-n- 924-16-3 Inhalation Liver No acute (short-term) health effects are May affect the liver and kidneys.

butylamine Ingestion Kidneys known at this time PROBABLE CARCINOGEN in
humans. There is some evidence
that it causes bladder, liver, and

lung cancer in animals.


